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INTRODUCTION 

Published observations on the histopathological changes in the spinal 
cord in poliomyehtis are so numerous that it would seem httle can be 
added to what has been reported The complexity of the problems of 
pathogenesis, however, has resulted in contradictory interpretations 
of certam findings, and has left many points unsettled It was felt that 
some of the important pomts remammg at issue perhaps could be 
investigated more satisfactorily by means of an approach which 
attempts to correlate pathological processes in chronological sequence, 
with changes m level of virus activity on the one hand and changes m 
chnical function on the other It was felt that such an approach re- 
quires at least approximate quantitative data at aU three levels of 
observation, and could therefore be essayed only m the experimental 
anima] The finduigs and mterpretations to be reported are by no 
means complete, and because of the nature of the matenal the quanti- 
tation of the variables mvolved often leaves much to be desired It 
is hoped, nevertheless, that the results may be useful as a rough scaf 
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folding for the tasks of planning and interpretation of studies at the 
chemical or virus level, and of improving our understandmg of cellular 
changes m relation to paralysis and recovery The basic question of 
the time sequence of rise and fall of virus concentration in the infected 
rhesus spmal cord has not received close attention except by Brodie 
(’33) and Bodian and Cumberland (’47) The findmgs in these 
studies have served as an important background for orientation m the 
work reported here 

The first objective of this study was to determme the sequence of 
histological changes which occurs m the spmal cord from the period of 
onset of pathological changes to the period of functional recovery in 
pohomyehtis, and to estabhsh relatively constant features of the cyto- 
pathological process m quantitative detail The changes m the 
motoneuron population were studied particularly, since the moto- 
neurons bear the brunt of the pathological effects and probably con- 
stitute the principal source of substrate for virus proliferation In 
addition, their destruction is the prmcipal cause of motor paralysis and 
of muscle atrophy which follows the paralysis The population unit 
selected for study was the motoneuron group supplymg a smgle ex- 
tremity, arm or leg, and consistmg of about 14,000 motor nerve cells 
This population unit was selected because it can be identified spatially 
much more accurately than smaller umts supplymg mdividual muscles 
or muscle groups, because it is relatively compact m distribution, and 
because the field it supphes, the arm or leg, is a functional unit not too 
difficult to assess in terms of degree of functional loss In fact, there- 
fore, the motoneuron population suppl3ang a limb, plus the limb itself, 
can be considered as a model for the disease m the whole orgamsm, 
undergoing the characteristic ebb and flow of the disease processes m 
all tlieir ramifications 

Although important contributions to an understandmg of the patho- 
logical events of the acute stage, and especially the preparalytic period, 
have been made by Hurst (’29) and by Pette, Demme, and Komyey 
(’32) in their expenmental studies, quantitative studies of the sequence 
of cellular changes m a dose series of infective stages have been made 
only by CoveU (’32) In his excellent study, unfortunately, Covell 
failed to appreaate that changes m cytoplasmic Nissl substance were 
suffiaently distmctive so that they could be used as a quantitative 



4 


DAVID BODIAN 


measure of both the degree of injury and of recovery of nerve cells 
Moreover, as he was aware, degenerative changes were overemphasized 
in his analysis, since all his animals had the prostrating type of paraly- 
sis produced by the Rockefeller Institute MV virus 

MATERIAL 

Rhesus monkeys were used to enable study of changes from the 
earhest penod of pathological effect to late stages of recovery, and to 
permit more satisfactory fixation and staining of tissues than is possi- 
ble m human material In ah, some 50 rhesus monkeys kiUed from a 
few days to one year after inoculation with several "strams” of virus of 
recent human origm were studied quantitatively, and many others were 
available for qualitative comparisons These monkeys had been ex- 
amined m considerable chmcal detail m most cases before they were 
kiUed, to determme the time of onset of symptoms, the degree of weak- 
ness, and the extent of recovery Motor function of ammals was de- 
termmed by mspection of running, jumping and climbing performance 
in large cages, by hand exammation of individual extremities to de- 
termine asymmetry of power of flexion and extension at jomts, and by 
palpation to detect abnormahties of tone and atrophy In most cases 
daily examinations were made durmg the acute penod of the disease, 
with weekly, and later monthly, examinations durmg the convalescent 
period In some animals, voluntary muscle performance was com- 
pared with the response to faradic stimulation of nerve pomts and ex- 
posed peripheral nerves at the time of autopsy 

After final chmcal exammation, ammals were anesthetized with 
ether, and perfused through the aorta with 50 ml of normal saline 
followed by 1 to 2 hters of 10% formol containmg 1% acetic acid 
Some ammals were fixed with 10% neutral formol, or with Regaud’s 
fluid, for better study of nutochondna and mflammatory changes 
The fixation of tissues by vascular perfusion of the living anesthetized 
animal was of great value m ehnunating most of the postmortem 
artifacts seen in matenal fixed with the usual immersion technique 
The cervical and lumbosacral spinal cord enlargements were removed 
carefully, and the four segments contnbutmg prmcipally to the inner- 
vation of upper and lower extremities were prepared for paraffin em- 
bedding In the cervical region the cord segments regularly sectioned 
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were the 6th, 7th, and 8th cervical, and the 1st thoraac (C6, C7, C8, 
Tl), in the lumbosacral region the 4th, 5th, 6th, and 7th lumbar (L4, 
L5, L6, L7) When the lumbar plexus was pre- or post-fixed, the 
four segments which had the largest spinal roots were considered for 
formal purposes as the 4th to 7th lumbar Complete serial sections 
in paraffin were cut at IS/x and stamed with gallocyamn, according to 
Emarson’s method (’32), or alternately with gaUocyanm, haematoxy- 
hn-eosm-azure, and activated protargol (Bodian, ’36) Mitochondria 
were studied m Ijx sections of Regaud material, stained with iron- 
alum haematoxyhn 

Serial sections of spinal cords from 10 human cases and 4 chimpanzee 
cases of pohomyehtis were available for comparison Material from 
monkeys infected with Western equme encephalomyehtis virus, and 
with neurotropic yellow fever virus (17D strain), was also used for 
certain comparative purposes 

PLAN OP STUDY 

A prehmmary survey of all the material available, mcludmg chim- 
panzee and human spmal cords, estabhshed the essential similarity of 
the pathological process m all three primate species during the period 
of progressive paralysis and later The earliest changes of the pre- 
paralytic period were available only m the rhesus monkey 

Attention was hmited to the changes m the lateral cell columns of 
the anterior horn of the spinal cord of the brachial and lumbar enlarge- 
ments, so that histopathological events might be correlated m time 
and m degree with changes m muscle function of each extremity It 
was felt that only m this way was it possible to deal with the dynamics 
of the disease process Because of the mixture of stages of ceU change 
found m any one specimen, it was necessary to estabhsh the precise 
sequence of events by statistical means, so that much time was de- 
voted to this end As a routme, 50 to 60 sections, out of a total of 
about 1200 sections m each brachial or lumbar enlargement, were 
subjected to cell counts These sections were regularly spaced through- 
out the cord segments mvolved, so that 10 to 15 sections were examined 
as a sample of each of the four pnnapal segments contnbutmg to the 
brachial and lumbar plexuses, respectively These segments in the 
brachial region are C6 to Tl mdusive, and m the lumbar region L4 
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to L7, inclusive Althougli C5, T2, and SI contnbute to their re- 
spective limb plexuses, they were not usually studied It was felt that 
the status of the motoneuron population of the four principal segments 
was an adequate indicator of the function of the innervated hmb, so 
that study of the marginal segments would add tedium without much 
increase of accuracy In all material only cells containing a recogniz- 
able nucleus and nucleolus were counted 

DESCRIPTION AND DEFINITION OF CLINICAL STAGES 

For the purposes of this study it was necessary to define carefully 
the clmical stages of the disease in experimental animals, so that ac- 
curate correlations could be made between the clinical events, his- 
topathological changes, and the rise and faU of virus m infected nervous 
tissue Table 1 indicates the stages with extremes of time range ob- 
served m animals in this series Other animals m this laboratory have 
exhibited incubation periods as short as 3 days and as long as 54 days 
The tncuhahon stage wiU, be defined as the phase following inoculation 
and preceding clinical signs This phase is subdivided mto a latent 
period during which no virus or lesions can be detected in the central 
nervous system (CNS), and an early preparalytic or presynipfoinatic 
period, durmg which no symptoms are apparent, but durmg which 
virus and cell changes can be found m the CNS near the pomt of in- 
oculation The onset of fever, when it occurs, opens the following, 
or acute stage, beginning with the late preparalytic penod This period 
precedes detectable flaccid paral)^is, and is characterized by gen- 
eralized s)miptoms such as fever, tremor, spasticity and ataxia (Romer, 
Tl, Harmon, et al , ’31, Pette, et al , ’32, Bodian and Cumberland, 
’47) 

In the experimental animal, as in man, s)anptoms may or may not 
be present preceding paralysis With the virus strains generally em- 
ployed in experimental work, the preparalytic period usually covers 
an interval of about one day, but not infrequently two or three days 
With small doses of virus, or with “mild” strains, the preparalytic 
period may be prolonged to five or more days, during which period 
fever, tremor, and clasp-knife spasticity may be present in vaiying de- 
grees For purposes of defimtion, it is to be noted that, irrespective of 
its duration, the preparalytic period opens with the cntical phase of 



THE VIRUS, NERVE CELL AND PARALYSIS 


7 


beginning virus activity It is obvious that the termination of this 
period IS arbitrarily defined Since extensive lesions of anterior 
horn cells may occur before muscle weakness is chnically recognized, 
the onset of the penod of tncreastng paralysts is not sharply demarcated 
In terms of pathological histology, moreover, the latter period is simply 

TABLE 1 


Stages of Poltomyelihs %n Rhesus Monkeys 



DU5ATI0M IN DAYS 

CIINI 

CAL 

i 

VIRUS I 

PATH 


Mean : 

Range 

TOMS 



Incubation Stage 






Latent Penod 

8 

3 to 22 

0 

0 

0 

Early Preparalytic Penod 

Acute Stage (febrile) 

1 


0 

+ 

1 

+ 

Late Preparalytic Penod 

3 

1 to 5 

+ 

+ to 4+ 

+ 

Penod of Increasing Paralysis 
Subacute Stage (Early Recovery 

3 

1 to 5 

+ 

4+ to + 

+ to 4+ 

Period) 

Convalescent Stage (Period of Continued 

21 

IS to 40 

+ 

+ 

+ 

Recovery) 

Chronic Stage (No Further Recovery) 

60 

30 to 300 

+ 


+ 


TABLE 2 

Tsme Course of Paralysis, Atrophy, and Recovery in Rhesus Monkeys 



PERIOD OP DISEASE AFTER ONSET OF PARALYSIS 


Mild Cases 

Severe Cases 

Height of Paralysis 

Onset of Atrophy 

1 to 3 days 

2 to 5 days 

2 to 3 weeks 

Beginning Recovery of Power 

1 to 3 weeks 

1 to 2 months 

Limit of Increase of Power and Muscle Size 

1 week to 3 months 

3 months to 1 year 


a contmuation of the preceding one, so that both penods represent the 
phase of progressive degradation of nerve cell functions due to virus 
activity 

The penod of tncreastng paralysis is followed by a penod of early re- 
covery, which, according to pathological criteria, is a phase of neuron 
recovery, and is usually largely completed about three to six weeks after 
onset of paralysis After this time, remammg nerve cells in the spinal 
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cord are essentially normal m appearance m all cases, as Hurst (’29) 
found in his smgle recovered ammal, so that further functional re- 
covery must be referable to other recovery and compensation changes 
m the CNS and m muscle These changes occur in the convalescent 
stage and are followed by a phase of no further recovery, the chronic 
stage Table 2 shows the time course of some of the cntical points m 
the sequence of paralysis, atrophy, and recovery 
In defining the stages of the disease, an attempt has been made to 
coordinate chnical and pathological findmgs, since they are part of a 
smgle process As is well known, the disease m man follows a rather 
similar course, and the usually descnbed chnical stages are comparable 
with those observed m the monkey, except for minor differences in 
time course of stages For example, the stage of convalescence is 
probably of shorter duration, as a rule, m the monkey as compared with 
man 


DESCRIPTION AND DEFINITION OF GRADES OF PARALYSIS 

Limbs were graded as to degree of loss of voluntary muscle power, 
with flaccidity, hereafter termed weakness or paralysis Six categones 
were established arbitranly, with 5 or “Normal” representing one ex- 
treme and 0 representing the other, that of complete flaccid paralysis 
It was found possible, with the method of grading used, to obtain ex- 
cellent agreement upon mdependent observations by the same or dif- 
ferent exammers The grading for purposes of tins report is defined as 
follows 


5 — “Normal” 

4^Defimte weakness, but capable of usmg bmb effectively in climbing, ninnmg, 
or jumpmg 

3_Uses bmb poorly in dimbing, runmng, or jumping 

2— Barely able to use bmb in cbmbing or runmng movements, but able to move 
lim b segments readily against gravity 

1— -Dangbng bmb with only feeble movements at skeletal joints 

0— Complete flaccid paralysis, or only faint traces of movement 

All the gradings were made with regard to maximal possible effort, 
and with reference to normal function precedmg the onset of paralysis 
Smce individual ammals vary greatly m normal strength depending 
on size and physical condition, any gradmg more closely spaced could 
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hardly be comparable from animal to ammal, or accurate The above 
SIX gradings roughly correspond to those used by Knstensen and Wulff 
(’47) for human cases, and follow as closely as possible the percentage 
grading used by Lenhard and the Kendalls m their human cases (’43) 
In a mma ls m poor physical condition, even these grades cannot be apphed 
with confidence by an experienced exammer, but m healthy, vigorous 
animals it was often felt that closer gradmg could have been used at 
times This was especially true m companng nght and left arms or 
legs, when one member of a pair was shghtly weaker than the other 
It may be said, in anticipation of the more detailed analysis to follow, 
that m animals later shown by histopathological study to be definitely 
pohomyehtic, chmcal estimates of muscle power were correlated well 
with the severity of lesions m anterior horns In no case was an ex- 
tremity rated weaker than another m the same animal without a 
correspondmgly greater amount of motoneuron damage m its respec- 
tive antenor horn This mdicates that a correlation does exist between 
severity of paralysis and the degree of motoneuron damage, and pres- 
ently it will be seen how closely correlated these functions are 

DESCRIPTION OF FINDINGS 
I Cytopathohgical Changes m Motor Net ve Cells 

The fundamental concept that the primary mjury m pohomyehtis 
occurs m the antenor horn cells, and is the cause of the motor paralysis, 
was first stated by Charcot (1870) The reasonable objection that 
his conclusions were gratuitous because based on chronic cases was 
not soon answered Acute cases showed inflammatory lesions which 
secondarily could have affected nerve cells It was Rissler (1888) who 
first made an adequate study of acute cases and presented evidence 
that the primary pathological process occurred m nerve cells, and that 
inflammatory changes were secondary The controversy which fol- 
lowed Charcot’s pubhcation, however, remamed active until expen- 
mental evidence was presented mdicatmg that neuron changes could 
occur mdependently of i nflamm atory changes m the preparalytic per- 
iod (Hurst, ’29), and that the inflammatory response did not occur m 
de-neuronated, but susceptible, nerve centers (Bodian and Howe, ’41) 
That the entire pattern of reaction of non-neuronal elements cannot 
be accounted for on the basis of a secondary response to neuron changes 
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alone has been apparent to most modem workers But, regardless of 
the complex chain of probably interdependent ceUular events which 
follow the onset of the pathological process, it cannot be doubted now 
that the neurons are involved in the earhest stages of reaction, and 
that their injury precedes and is mdependent of inflammatory ceU 
changes The presumption at the present tune is, therefore, that the 
regressive changes in motoneurons to be described m this section are 
the result of direct virus action Most of the regressive changes may 
be found when virus is first present m detectable concentration in the 
anterior horns (Bodian and Cumberland, ’47) 

N^ssl Substance The first microscopic mtracellular change seen in 
motoneurons is the reduction in size and m stammg capacity of the 
Nissl bodies (Hurst, ’29 , Bodian, ’45) This change very largely occurs 
m difluse fashion throughout the cytoplasm and is charactenstic of 
most of the abnormal motoneurons seen in the preparalytic penod 
(also Sabin and Ward, ’41) The frequency of occurrence of different 
degrees of severity of such diffuse chromatolysis of Nissl substance is 
such as to indicate clearly that this chromatolysis is progressive and 
may lead in some cases to complete disappearance of basophilic cyto- 
plasmic matenal within a period of hours or less In one of the earhest 
preparalytic cases examined (959, Table 3), motoneurons showmg mild 
degrees of diffuse chromatolysis were found in much greater numbers 
than those showing severe chromatolysis, but this order is reversed m 
late preparalytic and early paralytic cases The diffuse chromatolysis 
of early poliomyehtis is arranged in Plate 1 (figs 1 to 8) to show the 
probable sequence of progression of the process in cells selected from a 
single preparalytic case (B12) Plate 2 (figs 1 to 8) shows stages in 
the continuing progression of degenerative changes which are probably 
irreversible 

Evidence which wiU be presented in detail m a later section indicates 
that the diffuse thinning of Nissl bodies is charactenstic of a period of 
about 5 days after onset of the pathological process However, m the 
period between 3 and 5 days after onset of paralysis, a new morpholog- 
ical pattern of Nissl bodies m infected cells also appears This 
pattern consists of thickened Nissl bodies adjommg the cell and nu- 
clear membranes, with a central area in the cytoplasm relatively free 
of Nissl bodies This appearance we shall refer to hereafter as cen- 
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tral chromatolysis” After the first week central chromatolysis is the 
predommant appearance of Nissl bodies m injured neurons which are 
not obviously necrotic Such cells were descnbed by Sabm and Ward 
(’41) as cells with margmated Nissl substance, which they observed m 
cases past the acute stage It will be shown later m this report that 
central chromatolysis is a mamfestation of the recovery process m 
nerve cells, and that the reconstitution of Nissl bodies near the cell and 
nuclear membranes is an important phase of the reparative stage in 
the motoneurons A similar process seems to occur m motoneurons 
regeneratmg after axon section (Bodian, ’47a) 

Mttodiotidna McCann (’18) appears to have been the first to ob- 
serve that mitochondna of rhesus motoneurons were apparently un- 
affected by pohomyehtis virus action even when the Nissl substance 
had disappeared Hurst (’29) also found apparently normal mitochon- 
dria m neurons in which Nissl substance was already completely ab- 
sent, and even in some cells which were vacuolated Mitochondria 
were absent m necrotic cells, however Covell (’32) found mitochon- 
dna, as well as the Golgi substance, apparently umnvolved m the 
early stages of pohomyehtis, at a tune when chromatolysis, clumping of 
neutral red granules to one side of the nucleus, and some thickemng of 
neurofibrils was apparent 

Our own findmgs are in essential agreement with those mentioned 
above Mitochondna as seen m iron haematoxyhn preparations were 
found to be normal m appearance m all stages of injury of motoneurons 
short of acidophdic necrosis (complete loss of basophiha of cytoplasm) 
This IS shown m Plate 3, in which a severely chromatolytic cell (fig 1) 
IS seen to contain numerous well-stained mitochondria, but a cell m 
acidophihc necrosis, with severe nuclear changes (fig 2), contams no 
demonstrable granules In fig 1 the faint outlines of a few remammg 
Nissl bodies are seen in the cell periphery (above and below) 

Smce mitochondna are found normal m appearance except m cells 
showmg severe nuclear changes, complete loss of cytoplasmic baso- 
phiha, or neuronophagia, it is suggested that dissolution of mitochon- 
dna occurs only when cell mjury has reached the stage of irreversibility 
Although it IS easily conceivable that chemical changes m mito- 
chondria, and their functional impairment, may precede visible mor- 
phological changes, yet it is difficult to imagme that mitochondnal 
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functions are directly assoaated with virus activity Evidence pre- 
viously presented (Bodian and Cumberland, ^47) indicates that virus 
concentration reaches high levels m the spinal cord at a time when very 
few cells are at a stage of cell mjury accompanied by mitochondnal 
changes, but when, and only when, many cells show considerable chro- 
matolysis of Nissl substance One would ordmarily expect some mor- 
phological change of mitochondria at the time of greatest virus multi- 
plication, if they were directly associated with this process 

Neurofibrils As has been mentioned, Covell (’32) observed some 
thickening of neurofibrils in the early stages of involvement of moto- 
neurons, but this was not observed in our protargol-stamed matenal 
Well stained and apparently normal neurofibrils were found in all 
cells, includmg severely chromatolysed ones, except those showing 
definite signs of necrosis 

Axons Although the changes in peripheral nerves and nerve roots 
have long been recognized as resembling those of secondary or Waller- 
lan degeneration, O’Leary, Heinbecker, and Bishop (’32) were the first 
to study the axonal changes m pohomyehtis in detail, from the func- 
tional as well as morphological standpoint, and to review the earlier 
literature They clearly appreciated that a correlated study of func- 
tional and morphological changes was much more difiacult in poliomye- 
litis than m the case of severed nerves, because in the latter “all axons 
are in approximately the same stage of alteration at the same time, 
while in poliomyelitis not all the cells are affected to a like degree at 
once” Nevertheless they estabhshed conclusively certain important 
facts They showed first that motor paralysis precedes any notice- 
able morphological or functional changes m the axons or muscles, and 
that therefore the onset of paralysis is due to loss of conduction through 
the diseased motoneurons in the spmal cord Moreover, the axon 
lesions when they appear are similar to those occurrmg after nerve 
secbon and occur more or less simultaneously along the length of the 
axon Although they found increased irntabihty of fibers m affected 
trunks dunng the preparalytic and early paralytic penod, they thought 
that the period between loss of synaptic conduction and degenerative 
changes m motor roots and penpheral nerves was significantly longer 
that which separates nerve section and subsequent changes in 
penpheral stumps This is readily explained on the basis that moto- 
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neurons so much damaged that they no longer conduct can still exert 
an adequate trophic influence on their axons 
The time course of axon changes described by O’Leary and his col- 
leagues agrees with that which we have observed, except our matenal 
clearly shows that definite degenerative changes in ventral root fibers 
may occur as early as the third day of paralysis, whereas O’Leary, et 
al found no changes before 4| days Our matenal consisted of re- 
duced silver preparations of spmal cord with roots attached, permitting 
easy identification of roots issumg from regions with completely de- 
stroyed motoneurons It is m such roots that one finds numerous de- 
generatmg axons on the third day of paralysis Smce some of the 
nerve cells giving ongm to these fibers are probably destroyed on the 
day precedmg onset of paralysis, the mterval between cell destruction 
and visible axon deterioration is no longer than four days, and m some 
cases probably less This agrees so closely with the time course of axon 
degeneration after nerve section (two to four days — Hembecker, et al , 
’32), that the conclusion is mescapable that the degeneration of ventral 
root axons m pohomyehtis is a typical WaUerian degeneration 
O’Leary, et al (’32) pomt out that actively degenerating fibers may be 
found as late as 10 days, and later, following onset of paralysis, and 
suggest that this mdicates the delayed death of cells of ongm as late 
as 10 days after onset of paralysis That this is not co mm on wiU be 
shown m Part II, smce very few cells show necrotic changes so late 
after onset of paralysis A more probable explanation of their findings 
is that active degeneration of axons contmues for several days after 
some axons have begun to detenorate It is interestmg that Blanton 
(’17) found degenerative changes in the penpheral nerves of a human 
patient d 3 nng 36 hours after onset of paralysis AUowung at least 24 
hours for motoneuron destruction m the pre-paralytic penod, one con- 
cludes that at least 2^ days could have elapsed between cell death and 
axon detenoration Although Blanton thought the changes he de- 
scribed were too early to be due to ventral horn destruction, his find- 
ings are not contrary' to the time course of typical secondaiy or Waller- 
lan degeneration 

The delay m onset of axon degeneration after cell body destruction 
in pohomyehtis is beautifully illustrated in reduced silver preparations 
of the spmal cord durmg the first few days of the disease In some 
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sections numerous motoneurons were seen, consisting only of a rounded, 
pale-stainmg mass at the site of the axon hillock, and in continuity 
with an axon of normal appearance In some cases these axons were 
traced out into the ventral roots m the same section and were seen to 
be of normal appearance throughout This picture of cell body rem- 
nant with intact axon was first illustrated, as far as could be deter- 
mmed, by Strauss (TO), m matenal from a patient who died the day 
after onset of paralysis 

In summary, our preparations of monkeys with abrupt onset of 
severe paralysis show clearly that ventral root axons of motoneurons 
destroyed on the first day of paralysis, and probably many on the pre- 
cedmg day, are morphologically mtact until the third day after onset 
of paralysis, when degenerative changes occur all along the axon 
length On the 1st and 2nd day of paralysis axons appear to degener- 
ate centnfugally from the cell body for a short distance It is inter- 
estmg that even when inflammatory changes are most mtense, m- 
cluding neuronophagia, no mflammatory cells of any kmd are found 
anywhere along the axons of cells undergoing active phagocytosis 
The conclusion is mescapable from this fact, and from the time course 
of axonal degeneration, that the pnmary focus of virus activity is m the 
nerve cell body, and that, when the cell body is destroyed, the axon 
undergoes typical Wallerian degeneration Plate 4 shows the sequence 
of changes m anterior root fibers of hmbs severely paralysed on the 
first day of paralysis Figure 1 shows a normal antenor root Figure 
2 shows a degeneratmg root fiber in the white matter of the antenor 
column m an animal killed on the 3rd day after onset of paralysis 
Figure 3 shows the almost universal degeneration of fibers m the 
antenor root of an anunal killed on the 4th day Figure 4 shows the 
complete absence of axons m the root of an animal killed 57 days after 
complete paralysis of the corresponding limb 

Nuclei Changes m nuclei of motoneurons in acute experimental 
pohomyehtis have been descnbed by Covell (’30), by Hurst (’31), 
and by Sabin and Ward (’41), especially with reference to the occur- 
rence of acidophihc “inclusion bodies” Among the important find- 
mgs they reported, and which our matenal confirms, is the fact that 
acidophilic mdusions, either single or multiple, are seen only in ceUs 
already showmg severe cytoplasmic changes In our expenence t s 
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holds true not only for the formation of mclusion bodies but also for the 
occurrence of morphological nuclear changes m general Strauss (’10) 
and Blanton (’17) found the same to be true m human matenal 
Covell found that the acidophihc mclusions gave a negative Feulgen 
reaction, indicatmg the absence of thymonucleic acid, and also re- 
ported that the inclusion bodies were most numerous soon after the 
onset of paralysis and dimmished m numbers dunng the 1st to the 
3rd weeks Our findmgs are similar but we have observed consider- 
able vanation m the frequency of occurrence of intranuclear mclusions 
m different monkeys m the acute stage of the disease 
Our matenal indicates that nuclear changes begm after cytoplasmic 
changes occur, smce cells showing early chromatolysis exhibit no signs 
of nuclear injuiy Clumping of oxychromatm and the formation of 
discrete aadophihc mclusions occurs m cells showing fairly severe 
chromatolysis In parallel with contmmng cytoplasmic degenerative 
changes, nuclei show an apparently orderly progression of changes, 
as shown in Plate 1, figs 5-8 Most commonly one notes progressive 
shrinkage of the nucleus and an mcrease m discrete chromatin masses, 
with progressive mcrease of cytoplasmic chromatolysis When severe 
nuclear shrinkage is seen (Plate 1, fig 8, Plate 2, figs 1 and 2) the 
nuclear membrane is usually distorted or no longer visible, and the 
nucleus itself becomes mtensely basophihc The diffuse basophdia 
which is seen m some nuclei at this stage is usually paralleled by a 
similar mcrease of diffuse basophiha m the cytoplasm Such cells 
appear to be most prone to undergo neuronophagia (Plate 2, fig 3), 
and even m earlier stages seem to especially attract leucocytic and 
phagocytic elements By the time phagocytosis due to granulocytes 
and macrophages is well under way, however, the cytoplasm has 
generally lost all basophilic stammg (Plate 1, fig 3) 

In cells which undergo rapid lysis, or show severe vacuolation (Plate 
2, figs 6-8), the nuclei do not show the generalized basophiha noted 
above, and this again parallels the lack of basophilia m the cytoplasm 
Such ceUs are not as commonly surrounded by large numbers of 
leucocytes and macrophages as are those showmg termmal basophiha 
Very often m cells undergoing Ij’^sis, the nucleus may be quite shrunken, 
but vith basopluhc granules only encirchng the peripherj’-, and with 
a nucleolus greatly reduced m size (Plate 2, fig 6) 
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In a previous report (Bodian, ’45) evidence was presented showing 
that the nuclei of any multinucleated motoneuron underwent parallel 
degenerative changes, such as shrinkage, distortion of nuclear mem- 
branes, and formation of acidophihc mclusions The remarkable sim- 
ilarity m morphology of the nuclei of any multinucleated cell, in all 
stages of degeneration due to virus action, suggested that nuclear 
changes m pohomyelitis reflect the deterioration of ceU functions in 
general rather than a direct action of virus on the nucleus 

The nuclei of persistent cells which are apparently irreversibly 
damaged may show various morphological appearances too diverse to 
suggest an orderly sequence of changes In such cells showing evidence 

of retarded death and absorption the nucleus is often mtensely baso- 
phihc (Plate 5, figs 2-4), may be swollen or shrunken, or may appear 
to be relatively intact, as if resistmg degeneration more than the 
severely injured cytoplasm (Plate 5, figs 1 and 5) Li some of these 
cells the nucleus appears to be on the verge of bemg extruded, although 
relatively normal m appearance (Plate 5, fig 6, Plate 10, fig 1) The 
cytoplasm m persistent severely damaged cells is generally highly 
eosmophikc or hyalm m appearance At times such cells exhibit a 
ring of peripheral Nissl substance of abnormal appearance, quite un- 
like that seen m most cells m the stage of central chromatolysis 
In the subacute stage and later recovery periods, the nuclei of cells 
with normal cytoplasmic structure are generally normal m appearance 
as well Occasionally, however, large persistent acidophihc inclusion 
bodies are seen m cells of otherwise quite normal appearance (Plate 9, 
fig 4) Smce m the acute stage such mclusions are seen only in se- 
verely chromatolysed cells, their presence later m cells otherwise nor- 
mal IS evidence of the power of recovery of cells damaged by virus 
action Such mclusions have been seen m otherwise normal cells as 
late as 49 days after onset of paralysis Rarely one sees m otherwise 
normal cells an unusual nuclear “mclusion” consistmg of the nucleolus 
surrounded by a closely packed aggregate of basophihc matenal (Plate 
9, figs 5 and 6) This appearance is also occasionally seen m severely 
damaged ceUs (Plate 10, fig 2) This bizarre mtranudear formation 
in otherwise normal cells has not been seen m formative stages, so 
that no mterpretation of their development seems feasible at present 
Cntena of Necrohosts m Motoneurons It is evident from the pre- 
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ceding paragraphs that certain extreme cytopathological changes were 
associated with the processes of necrobiosis or irreversibility of injury 
following poliomyelitic infections Among the irreversibly injured 
cells are, of course, those destroyed and completely absorbed, and 
those which persist for variable periods of time before bemg absorbed, 
and designated hereafter as “necrotic” The process of cell destruction 
and complete absorption in poliomyehtis must occur at tunes m the 
space of a few hours, since in our earliest preparalytic cases one al- 
ready finds cells in this category whose only mark is either a vacant 
space m the section (“faUmg out”), or a cluster of phagocytic cells 
filling in the spaces formerly occupied by the neurons Many nerve 
cells, however, die more slowly, presumably after passing through the 
usual stages of chromatolysis Unlike the early stages of degeneration 
no smgle orderly sequence of morphological stages characterizes the 
processes of deterioration from the time of cell “death” to the time of 
complete disappearance of the cell Cells which we have designated 
as necrotic may show severe chromopluha or complete loss of stam- 
abihty (“ghost cells”), vacuolation and lysis vnthout neuronophagia 
or signs of neuronophagia without lysis, severe nuclear change includ- 
ing pyknosis or extrusion of a relatively intact nucleus The dis- 
orderly variation of morphological appearance after complete loss of 
Nissl substance suggests first that such complete loss is incompatible 
with recovery of the cell, and second, that subsequent cellular processes 
are quite out of control and may lead to several alternative morpholog- 
ical sequences leading to complete cell destruction It is interesting 
that Horanyi-Hechst (’35) has described quite sirmlar termmal stages 
of motoneuron degeneration in human cases 

In summary, the following cytological changes appear to be asso- 
ciated vnth irreversible neuron injury, and have been considered as 
indicators of necrosis 

1 Complete loss of cj^toplasrnic basophilia 2 Disappearance of mitochondria 
1 Brcikdm\n of neurofibrils 4 Se\ere nuclear changes, other than the forma- 
tion of “inclusions” This includes se\ere nuclear pjknosis, complete loss of 
nuclear basophilia, rupture of nuclear membrane, or nuclear extrusion 5 C\ to- 
plasmic \acuolation 6 Glassj appearance of cjdoplasm, a\ith some Xissl sub- 
stance still remaining m the peripheri 7 Se\ere cellular basophilia, usuallj 
associated w ith beginning neuronophagia S Neuronophagia 
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II The Sequence of PathologtcaJ Changes tti the Anterior Horn, with 
a Statistical Study of Injury and Recovery Stages in Motor 
Nerve Cell Populations 

It IS possible to examine mdmdual nerve cells in poliomyelitis in 
various stages and to draw certain inferences regarding the sequence 
of events m their injury and recovery stages Heretofore, this has 
been done largely with respect to the injury stages by workers hke 
Covell ( 32), Hurst (’29), and Sabin and Ward (’41) Many of such 
inferences, although reasonable, are impossible to prove without quan- 
titative data regarding the cell population as a whole, and moreover 
cannot be related to the entire disease picture without a statistical 
approach Such an approach should be capable of reveahng impor- 
tant data impossible to obtain by the study of individual cells The 
pathogenesis of paralysis, for example, bears no relation to the fate of 
any individual cells, since the cells m the nerve cell population supply- 
ing the arm of a rhesus monkey number about 14,000 and at any par- 
ticular time m the acute stage may be m widely varying stages of 
pathological change The paralysis can only be related to the status 
of the cell population supplying the muscle or groups of muscles under 
consideration Similarly, at the present time, the concentration of 
virus in infected tissue can be related only to a cell population in the 
tissue being studied 

It IS the purpose of the following pages to present first a survey of 
the pnncipal changes occurrmg both in the motoneuron population 
and in the populations of reactmg mesodermal glial cells durmg sequen- 
tial clinical stages of the disease With this survey m rmnd, the sta- 
tistical analysis of changes in the motoneuron population will then be 
more readily understood 

Pathological Characteristics of Successive Clinical Stages 
The preparalytic period 

The most informative stage in the pathological process is the earhest 
in which visible changes are apparent This stage precedes paralysis 
by about 1 to 3 days, and gives important information about the se- 
quence of early changes in neurons as well as in the inflammatory re- 
sponse The important findmgs may be summanzed as follows, before 
we proceed to the details 



THE VmiJS, NERVE CELL Aim PARALYSIS 


19 


1 The most common visible change m nerve cells m the earliest stage 
IS a diffuse thinning of Nissl bodies throughout the cell body, often 
most conspicuous around the nucleus Various degrees of this may 
be seen, but it is only in the late preparalytic stage that complete dis- 
solution of Nissl bodies is found in large numbers of cells 

2 Nuclear changes are, as a rule, not apparent until severe cyto- 
plasmic chromatolysis has occurred The earliest nuclear change is 
usually the formation of acidophilic inclusion bodies 

3 Changes in mitochondria are not apparent m cells showing mild 
or even severe chromatolysis (also McCann, T8, Hurst, ’29) but very 
few mitochondria remain when presumably irreversible changes have 
occurred in the cell (“acidophilic necrosis”, nuclear dissolution or 
pyknosis, cell vacuolation, neuronophagia) 

4 Neurofibrillar changes are not apparent until severe cell changes 
have occurred (also Hurst, ’29) 

5 The entire sequence of neuron changes from early injury to cell 
necrosis is present in the earliest pathological focus in our series, al- 
though frankly necrotic cells are few in number Since recovery 
changes in nerve cells at this time are hardly to be expected, all changes 
may be assumed to be progressive and have been arranged m sequence, 
according to severity, in Plate 1 (figs 1-8) 

6 Changes in nerve cells of mild or severe degree m the preparaljdic 
period are entirely independent of mflammatory changes, as shown by 
Hurst (’29), and may occur in regions of ventral horn gray matter 
iihere no inflammatory response has occurred Nevertheless, leuco- 
cytes may be present in considerable numbers m other regions where 
ncive cell changes are so shght that they are not clearly outside of the 
range of normal 

Jtlonkeys 959 and A935 w ere most mstructive in revealmg the earliest 
inflammatory and neuronal changes in our senes Rhesus 959 was 
inoculated intracerebrally with MV ^^rus 5 days before he was kiOed, 
at vhicli time the only s}Tnptom was that of fever, present for 24 
hours No lesions were present in serial sections of the lumbar cord 
The ccmcal cord contained only two pathological foci, one restricted 
to about 100 15n sections within the 6th cervical segment, and the 
other rcstncted to 32 sections within the 7th cervical segment The 
focus in C6 contained no interstitial infiltration, but only verj' light 
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perivascular infiltration in the dorsal parts of the antenor horns and m 
the intermediate gray horns, especially around the branches of vessels 
in the ventral fissure The infiltratmg cells were largely granulocytes, 
with a sprmkhng of mononuclear cells Within this region of the cord 
no definite changes m nerve cells were visible except chromatolytic 
changes which were so shght that they could have been within the 
range of normal 

The focus m C7 was more advanced than that in C6 and was re- 
markably restricted to the left anterior and mtermediate gray horns, 
both with respect to neuronal and to mflammatory changes The 
only vessel outside of this territory showmg perivascular infiltration 
was the artery of the ventral fissure, and only the left branches of this 
vessel were “cuffed” Within this focus the perivascular infiltrations 
contained more mononuclear ceils and relatively fewer granulocytes 
than m the earlier focus in C6 Penvascular leucocytes were present 
around vessels of all sizes from capilaries to the vessels of the ventral 
fissure At the periphery of this focus there were still no diffuse or focal 
extravascular infiltrations, although some neurons showed diffuse cyto- 
plasmic chromatolysis of a definite degree These neurons showed no 
nuclear changes as yet and no leucocytes or excess of gha cells were to 
be seen near them In the center of the focus, granulocytes and some 
lymphocytes were seen m the parenchyma m small numbers as well 
as in perivascular spaces Granulocytes could be seen surrounding 
neurons of normal appearance, or around cells in any stage of chro- 
matolysis or degeneration They were numerous m the vacuoles or 
“bays” of hyperchromatic necrotic neurons, but were rarely seen near 
“ghost” neurons or severely autolysed ones It is important to note 
that lightly or severely damaged neurons may or may not be sur- 
rounded by infiltrative cells One may therefore conclude that, al- 
though breakdown products associated with the earliest neuronal 
changes can attract migratmg leucocytes from the vessels, not all 
damaged neurons exert this mfluence 

The cytological changes m the neurons of this focus were of great in- 
terest Wi thin the 32 15/1 sections m the segment of cord which con- 
tamed the focus It was found by actual count of all motoneurons that 
there were a total of 442 in the lateral column of the right anterior horn, 
and 45 1 m the corresponding region on the left side AH neurons on the 
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nght side i\crc normal m appearance and no infiltratne changes were 
present On the left side 52% of the neurons were normal in appear- 
ance, 28% showed mild degrees of diffuse c}toplasmic chromatolj sis, 
witliout nuclear changes, 16% showed sc\crc cjtoplasmic chromaloly- 
sis, and such cells often contained nuclear inclu‘'ion bodies, and 4% 
of the neurons showed necrotic changes Only one cel! was m the 
process of ncuronophagia In all other prcparaljtic ca<^;';, a similar 
distribution of pathological cell tj^Ks was found, wnth howc\cr more 
cells actually dcslrojcd or necrotic (Table 3) Thus, on the ba^i'; of 
frcquenc> of occurrence, one can s,Tfcl\ rccon-^truct the sequence of 
neuronal changes from the earliest ^^‘^Ib!c ones to the stages of cell 
breakdown, as shown in Plates I and II 

It 15 interesting that in the prcparal>lic penod, among st\ animals 
examined in detail, it was exceedingly rare to find cells showing central 
chromatol>sis, although this pattcni of Xiss] i)otl\ distribution is 
quite common in the subacute st.age, as will be seen Morcoscr, in 
no regressive stage in the preparaKtic period doe's one find the nuclear 
eccentncity characteristic of the chroinatol) si<; v,liieh follows axon am- 
putation 

In later stages of the prcparal>tic period, pol\ blasts ma\ be present 
in large numbers as well as the numerous leucocNtes Gramiloc\ tes 
appear to be more numerous in the lumbar than m the cerx ical cord 
as a rule, as also noted b> Hurst ('29), by Pettc, ct al (’32) and bj 
Covcll (’32) This was also true in Blanton’s earliest human case of 
36 hours’ duration (’17) In some mdixiduals thc\ may be present in 
enormous numbers in the gra> matter, and m such cases appear to 
migrate into the surrounding white matter m large numbers 

Anotlier preparalytic case (A93S) is especially instructi\c in rcxcal- 
ing very early pathological changes, and in emphasi?ing two important 
aspects of pathogenesis In this case, which at some Icxcls of the cord 
shows characteristic and fully-dex’^cloped neuronal and inflammatory 
lesions (Plate 6, figs 1 and 2), one finds at adjacent levels sections which 
contain only a single motoneuron of abnormal cliaracter (Plate 6, 
figs 3, 4 and 5) Such isolated neurons showed the severe diffuse 
chromatolysis typical of early poliomyelitis and occurred in several 
sections Of considerable interest is the fact that no infiltrative cells 
were present m the anterior horn gray in the region surrounding such 
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neurons, although early perivascular infiltration was present surround- 
ing the mam branches of the anterior spmal vessels (Plate 6, fig 2) 
Such findmgs strikingly confirm Blanton’s (’17) m human cases and 
Hurst’s (’29) m monkeys, m demonstratmg that neuronal chromatoly- 
sis, even of severe degree, may occur prior to and not as a result of 
inflammatory changes It is mterestmg that Pette, Demme and 
Kornyey (’32) also found early neuron changes in the absence of cellu- 
lar mfiltration, but were not sure that such changes were not arti- 
facts of histological preparation In our material, the isolated chroma- 
toly tic cells were found m any position of the anterior horn cross-section, 
whether dorsal, ventral, medial, or lateral There was no sugges- 
tion of a progression of lesions from the dorsomedial position of the 
horn lateralwards, as postulated by Elhott (’45) At least m the early 
stage of the disease, the spread of virus m the gray matter does not 
occur by cell-body to cell-body extension, but probably along axon 
connections in which cytopathological changes cannot be observed 
The question is raised, m this connection, whether the often postulated 
spread of virus liberated from destroyed cell-bodies to adjacent cell- 
bodies occurs at all, smce, as wiU be shown below, extensive dissemma- 
tion of neuron lesions may occur before widespread nerve cell destruc- 
tion Moreover, the highest virus titers may be achieved m the 
preparalytic period before extensive cell destruction occurs, and pre- 
sumably as a result of virus multiphcation m many cells (Bodian and 
Cumberland, ’47) In cases with httle paralysis, inoculated with 
“mild” strams, extensive motoneuron chromatolysis occurs and high 
titers are obtamable, with only a small proportion of destroyed nerve 
cells 


The first day of paralysis 

In ammals m which the onset of paralysis is abrupt, histopatho- 
logical changes m the spmal cord resemble closely those seen on the 
day preceding expected paralysis, but are generally more widespread 
and more severe Although the predommant cytopathological stage m 
motoneurons is that of diffuse chromatolysis, numerous cells m various 
stages of necrosis and neuronophagia can usually be seen Such cells 
are most common at this time as compared with precedmg or following 
days Advanced stages of chromatolysis of Nissl substance, mcluding 
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complete disappearance of the latter, predominate, vitli some cells 
showing cytoplasmic vacuolation or autol 3 'sis Nuclear changes arc 
rarely severe except m cells shoving ‘severe chromatolysis, and in such 
cells intranuclear acidophilic inclusions arc common Acidophilic 
inclusiors generally occur in cells with otherwise relatively iiomial 
nuclei whereas ba'^ophihc intranuclear "inclu’^ions” arc found at tunes 
m cells which haxc cither shrunken or highlj xc'^icular nuclei 

Neurons about to undergo ncuronophagia are common at this stage, 
and arc gcncrallj' higlilj basophilic In later stages of actnc neurono- 
phagia neurons arc stronglj’ co'^inophihc, suggesting jicrhaps that 
the neurophages produce curjince, po‘-<^ibh nuclca‘=^t.5, which rcmoxc 
the basophilia Manx neurons arc destrojed, become autolxscd, and 
are absorbed x\ilhout any cxidtncc of participation b> neurophages, 
and both remoxal bj aulolxsis and bx ncuronoi>hagia maj be so rapid 
that ex cn on the first dax of paral} si-; the location of man) motoneurons 
maj be marked onl> b) a xaoint sppcc ("falling out"), or bx a compact 
cluster of neurophages 

The inflammatorx process on the first dax of paralxsis is in general 
more scx^erc than on the preceding dax , with a tendenc) , howexcr, for 
reduction in numbers of gr.inuloc) tes 'I he presence of much cellular 
debns, and apparently nuclear fragments, in some foci max mark the 
site of heaxy infiltration with such cells, and suggests that their rapid 
disappearance is due to destruction ni silu During the period of early 
and increasing paralysis the Ijmphocjtic cells arc predominant in 
numbers, although macrophages arc also quite numerous 

Second and third days 

The outstanding feature of the histopathological picture at this 
period IS the scarcitj' of nonnal-appearing neurons, even m cases xxith 
mild paralysis Not a single case examined at this period showed more 
normal cells than 31% of the expected number This indicates tlie 
wide dissemination of virus in the spinal cord of paral 3 dic cases, and 
also supports evidence from othei sources, to be considered later, that 
many cells are invaded )jy virus and later rccox'er Residual neurons 
are predommantly in late stages of diffuse chromatolysis, although, for 
the first time, cells shoxving central chromatolysis may make their 
appearance m appreciable numbers 
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At this period most of the destroyed neurons are completely ab- 
sorbed, with only focal accumulations of neurophages to mark the 
spot Early stages of neuronophagia are also seen, but are not usually 
as numerous as on the first day of paralysis In regions of extensive cell 
loss, even the foci of neuronophagia may have cleared up, so rapid is the 
sequence of changes, and large areas of anterior horn, devoid of nerve 
cells, may be characterized by a diffuse mcrease of mononuclear cells 

The prmcipal cells m the inflammatory response, at this time and in 
most cases, are the polyblasts of Maxunow, as shown by Wickman 
(’13) These cells, with rod-shaped or irregular nuclei, have also been 
identified as microgha by various observers Other cells of the lym- 
phocytic series may also be very numerous, especially m the perivas- 
cular accumulations of cells Normal-appearmg granulocytes are un- 
common, and their disappearance as such is marked by the occurrence 
of much basophilic nuclear debns which probably represents their 
remams 

Silver preparations at this stage show the earliest phases of axon 
degeneration m ventral root fibers, occurrmg only m cases killed at 
least 2| days foUowmg the onset of paralysis These changes have 
been described m the first section of this report, and require no further 
comment 


Four to stx days 

This period is remarkable from the morphological as well as from 
the functional point of view The cases, like those m the preceding 
period, show a very low percentage of normal neurons, even in cases with 
surprisingly little functional loss, and with cessation of increase of 
paralysis Since very little, if any, active neuronophagia is in evidence, 
and since necrotic stages of any sort are rare, it is likely that surviving 
cells would have recovered even though many are severely chro- 
matolytic 

This period is also mteresting m showmg a reversal of the striking 
tendency of damaged neurons in the precedmg penods to show diffuse 
chromatolysis m the cytoplasm Now many cells show aggregation 
of Nissl substance near the cell and nuclear membranes Cells show- 
mg this type of “central chromatolysis” (Plate 7, figs 4-6) are mixed 
with those showing the diffuse type (Plate 7, figs 1 and 2), and many 
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transitional stages arc also seen (Plate 7, fig 3) Occasionallj in the 
same individual one finds cells \Mtli didusc chromalol>‘^i5 predominat- 
ing in one spinal cord segment and those iNith central chromalolysis 
predominating in a neighboring ‘^gmenl ncccnlncily of nuclear 
position appears in some cells showing “central” chromatol>sis 

The axons of motoneurons reveal interesting changes at this stage 
In segments of spinal cord in which cxlcnsnc dcsiniction of motoneu- 
rons has occurred, many axons m the \ cntral roots sliow •<;% ere degenera- 
tive changes, and, in some cases, no intact avons arc XT-iiilc (Pietc 4, 
fig 3) In segments where man\ neurons remain, mn<;tavons in the 
roots arc normal in appearance, rr« 'then v.o^l sr-err 

chrovwlolyltc chavt^cs This finding confirms other suggestions, pre 
\nously mentioned, that axon degeneration is a consequence onK of 
actual cell body destruction 

Sera, to (ueke doy f 

The pnncipal feature of neuron morphologx' m this penod is tin 
predominance of “central” chromalolysis m remaining c( i!s other than 
normal-appearing ones (Plate 8, figs 1-5) Cells vho.'. mg diiliiM chro 
matolysis or necrotic changes, as prcvnoiisK defined,. •’rt few m numbers 
as a rule The one exception to this rule was found in case B2 >, m 
which many cells in severe diflusc chromatoh sis were found 'Hits 
suggests a possible .association with continuing virus aclivitv, smet 
in exceptional cases this may be found as late as the thiril wcel after 
onset of the disease (Brodie, ’33, Uodi.in and Cumberland, ’17) 

Several fc.aturcs of the pathologic.al picture m this period give cvi 
dence that the recover)’ process is well under wav \ greater propor- 
tion of normal or almost normal neurons is found than in the jire'ccding 
period In some cases numerous cells are ‘-cen with normal or almost 
normal Nissl body pattern, in which, liowcver, large inclusion bodies 
are found m the nucleus, indicating previous cytoplasmic changes of 
a fairly severe degree (Plate 8, fig 6, b) Although the inclusions art 
usually acidophilic, many at this st.agc in rclls of otherwise normal 
appearance are larger than usu.il and seem to consist of an aggregate 
of basophilic particles which surrounds the nucleolus, converting it into 
a core for this bi/arrc fonnation Such nuclear “inclusions” are gen- 
erally surrounded by a shrinkage space, and arc observed as late as 
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35 days after onset of paralysis (Plate 9, figs 5 and 6, a) Altfiough 
the cytoplasm in such cells is generally normal or almost so, it is prob- 
lematical whether cells with such marked nuclear change can continue 
to recover, since in a few cases cells with nuclear inclusions of this type 
were seen m a condition of obvious necrosis (Plate 10, fig 2) Finally, 
in this period there is a tendency for disappearance of lymphocytes 
which were previously scattered throughout the parenchyma m com- 
pany with polyblasts or macrophages At the same time the number 
of lymphocytes in the perivascular infiltrations increases considerably, 
so that "cuffing" is more prominent than before This increase is in 
part due to formation of lymphocytes tn situ, as evidenced by numerous 
mitotic figures, but may also be aided by accretion from lymphocytes 
free in the tissue The disappearance of the lymphocytes free m the 
tissue, however, is probably more often due to transformation mto 
polyblasts, as described by Maximow (’27) Some lymphocytes ap- 
pear to undergo phagocytosis by macrophages, but this is not often 
observed (Plate 10, fig 2, m) At any rate, during the second week the 
population of "replacement” cells in the parenchyma is predommantly 
polyblasts, and variations of these such as "gitter” cells and “rod” 
cells are numerous Although the polymorphonuclear leucocytes have 
a short period of prevalence as infiltrating elements, namely the first 
day or two of the disease, and cells of the lymphocyte group a somewhat 
longer period, the first week of the disease, the histiocytic cells or 
macrophages are the most prevalent after the first week and predom- 
inate among the non-neuronal cellular elements for several months 

The third week 

Durmg the third week after onset of paralysis, less than 10% of all 
neurons are still abnormal in appearance, so rapid is the recovery proc- 
ess Most of the nerve cells, by this time, are either normal in ap- 
pearance or destroyed and removed without remainmg traces A few 
irreversibly damaged cells of the type shown m Plate 5, figs 1-6, may 
be seen m some cases as late as this period, but such persistent “ne- 
crotic” cells are negligible in numbers as compared with those quickly 
destroyed and removed durmg the first few days of the disease The 
predommant pathological stage is that of “central” chromatolysis, with 
evidence of recovery of Nissl substance (Plate 9, figs 1 and 2) Intra- 
nuclear inclusions may be present (Plate 9, fig 2, b) 
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marks the close of the active inflammatory process, should be roughly 
comcident with the recovery of most remaming neurons Both proc- 
esses take place durmg the subacute period, following which the 
further stages of recovery appear to take place at a slower rate Oc- 
casional chromatolytic cells may still be found several months after 
onset of the disease, for example Similarly, heavily cuffed vessels 
may persist for at least a year, although such cuffmg is gradually 
reduced markedly after the first 6 months of the disease During the 
late convalescent period histiocytes also are greatly reduced, and af- 
fected regions of anterior horn are characterized by a variable degree 
of gliosis, which marks the termmal stage of the non-neuronal repara- 
tive process 


Summary of Quanhiahve Data 

Dynamic Aspects of the Infection and Recovery of the Motoneuron 

Population 

When changes m motoneurons durmg a series of stages in the acute 
penod are considered in a qualitative way, the variety of morphologi- 
cal appearances is such as to render difficult a clear appreciation of the 
significant phases of a continuous process In their very thorough 
study of histopathological changes m the acute period, for example, 
Pette, Demme, and Komyey (’32) were more impressed with the 
vanety of neuron changes than with a possible orderly progression of 
changes This problem is easily dissipated when the disease m the 
spinal cord is considered as an “epidemic” occurrence in the nerve cell 
population With this pomt of view in mind, the prevalence of each 
stage m the regression and recovery of nerve cells can be treated m a 
quantitative way throughout the course of the disease Since in each 
a.nima.] the motoneuron population is studied at a single pomt of time 
m the disease, and smce considerable variability in the severity of the 
disease occurs from animal to animal, it was decided to select at each 
principal stage a group of about five animals with approximately the 
same average severity of paralysis This represents a group of 20 
limbs, supphed by motoneurons of which a total sample of about 10,000 
was considered in the quantitative study The prevalence of each mor- 
phological stage was tabulated for the motoneuron population supply- 
ing each extremity, and the average prevalence for all extremities m 
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all animals of a given group then obtained (Tables 3 to 10, Charts 2 
and 3) The averages allow a clear understanding of the tune course 
of pathological changes, as shown in the charts, whereas any given 
animal may represent an extreme case of vanation from the normal 
which may be ^fficult to assess in relation to the common sequence of 
events 

For the purposes of an epidemiological study it is fortunate that the 
nerve cell population m an infected animal is absolutely stable with 
respect to factors such as migration and multiplication The number 
of cells can be presumed to be constant in number and location, ex- 
cept for decrease by deaths due to the disease, smce mature neurons 
do not multiply or migrate It is necessary only to define the precise 
cell population mvolved, and to treat the frequency of occurrence of 
each stage m the regression and recovery of nerve cells m a quantitative 
way throughout the course of the disease 

DetermtnaHon of the dtstnbuhon of the normal motoneuron populahon 
In order to assess the lamage to motoneurons due to poliomyelitic m- 
fection it was necessary to identify the motoneuron population m 
normal animals and to establish the pattern of distribution of the 
neurons which principally innervate each limb Since there is some 
admixture of such neurons with non-motor mtemuncial neurons in the 
anterior horns, the motoneurons were identified by means of the 
method of retrograde chromatolysis In four monkeys the entne 
left brachial plexus was sectioned in the subclavian region, and the 
left lumbosacral roots were sectioned in the mtervertebral canals in 
three additional monkeys, the brachial plexus alone was sectioned 
After periods of from 7 to 30 days, dunng which time the cells of origin 
show clear-cut chromatolysis, these animals were prepared and ex- 
ammed m a maimer similar to that descnbed above 

Alter mterniption of the limb plexuses it was found that only about 
1% of the chromatolytic cells were m positions outside the lateral and 
central cell columns of the anterior horns The apparently displaced 
chromatolytic cells were entirely m the medial cell columns and were 
probably the result of operative mjuiy to the back muscles Smce the 
area of sections containmg the chromatolytic cells was therefore essen- 
tially the area contammg the lateral and central cell columns, it could 
readily be identified m normal or pathological material The limits of 
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this area dorsally and dorsomedially can be defined for all practical 
purposes as the limits of the very large cells (cell bodies over 50^) In 
the lumbar region this area is particularly clearly defined, as shown m 
Plate 12 

The chromatolytic preparations also served to differentiate the 
motoneuron population from intemuncial cells in the same area and 
to show that the latter mtroduced but a small error in studymg polio- 
myehtis preparations, providmg that only cells over 25/^ in diameter 
were considered It was found, for example, that 80 to 95% of cells 
over 25/i m diameter showed chromatolysis m the lateral and central 
ceU columns after root or plexus section Only about 30% of cells 
smaller than 25/i showed chromatolysis, and this is probably a high 
figure smce some small cells show apparent chromatolysis in quite 
normal ammals Since such small cells represent only about 20% of 
the total cell population m the region considered, an error in estimating 
motor cells of at most 6% is introduced by neglecting small cells 
These relationships are shown graphically in Chart 1 

Chart 1 also shows the variation m both normal and chromatolytic 
cells m various segments of the spinal cord enlargements As can be 
seen by examining the curve of mean values, there is a definite trend 
towards greater concentration of large motoneurons in the two cervical 
segments C7 and C8, and m the two lumbar segments, L6 and L7 
Consequently an average figure for the number of motoneurons on one 
side m a single 15 micra section was derived for each segment from 
counts of normal preparations This is shown in Chart 1 for large and 
small neurons separately, and the total number of cells per section 
shown m comparison with the number shoAvmg chromatolysis after 
plexus section 

In order to determme the number of motoneurons destroyed m polio- 
myelitic cases, the number obtamed by counting the large cells (over 
25 m) a sample of 10 to 15 sections per spmal segment was subtracted 
from the number which one would expect to find if the cord were 
normal The “expected number” was obtained by multipl 3 nng the 
number of sections exammed m each segment by the average number of 
large cells per side per section previously determined for the segment m 
question The sum of the totals of mdividual segments was then the 
“expected number” of large cells which should have been present on 
one side m the sections taken as a sample of the cord enlargement 
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The “expected number” is thus close to bemg the average number of 
motoneurons present m a sample of 40 to 60 sections through a limb 
enlargement, and supplymg a smgle limb It is subject to the errors of 
mcludmg about 10% of large cells which may not be motoneurons, of 



Chart 1 Frequency Disirdiution of Anterior Horn Cells in Limb 
Segments of Rhesus Spinal Cord 

Cell counts were made in area of cord contaming neurons over 50/i m diameter, 
and showing chromatolytic cells after plexus or root section Chromatolytic cells 
in brachial region are the consequence of brachial plexus section, whereas those in 
lumbar segments are due to section of third to seventh lumbar roots Each point 
on the curves represents the combined means of values from 7 or 8 monkeys, except 
for the small cells, which are obtained from 2 monkeys In each monkey the 
average value for cells per section in each spinal segment was obtained by counting 
the cells in a sample consisting of 10 to IS sections Only cells containing nucleoli 
were counted 

excluding about 6% of small cells which may be motoneurons, and of 
an individual vanation from case to case of about 10%, when the whole 
region is considered Errors of this magnitude are not senous m com- 
paring neuron destruction with loss of motor function, smce the chnical 
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estimate of muscle power of a limb is less accurate than the estunate of 
the number of cells m the correspondmg motoneuron population 

As a further and final check on the accuracy of determmation of the 
normal control motoneuron population, a comparison was made be- 
tween the total “motoneuron” count on one side of the brachial (C6 
to Tl) and lumbar enlargements (L4 to L7) and the counts of nerve 
fibers m correspondmg ventral roots m rhesus monkeys made by 
Larsson ('38) In reduced silver preparations Larsson found a total 
of 15,795 fibers m the ventral roots of C6 to Tl inclusive, and 16,347 
fibers m the ventral roots of L4 to L7 inclusive On the basis of our 
counts of aU chromatolytic cells, large and small, m the lateral and 
central cell columns of correspondmg cord segments m our material, an 
estunated number of 12,000 for the brachial and of 12,600 for the 
lumbar enlargements was obtained The latter figures, of course, did 
not include cells m the medial column which contribute axons to the 
ventral roots, and which therefore are represented m Larsson ’s figures 
Although Larsson’s counts were based on a single rhesus monkey, the 
agreement between our figures, after discountmg the discrepancy based 
on our omission of cells in the medial column, suggests a reasonably 
good correspondence between ventral root fibers and cells which we 
have defined as “motoneurons” 

Changing -proportions of normal, abnormal, and destroyed cells in the 
total motoneuron population A general survey of the course of the 
disease in the motoneuron population can be obtamed by an analysis 
of the changmg proportions of three prmcipal groups of cells in the total 
population, the normal cells, the abnormal ones, and those totally 
destroyed The total population is estimated m the manner previously 
described and called the expected number of nerve cells The destroyed 
cells are estimated by subtracting the combmed groups of survivmg 
normal and abnormal cells from the expected number 

In Tables 3 to 10 these data are given for each case in the columns 
headed “Per Cent of Expected Number”, and the mean values for all 
cases m each group are plotted m Chart 2 Although, as might be ex- 
pected, the variation m severity of maximal paralysis is associated with 
variation m proportion of cell groups in mdividual cases from the same 
penod, the mean values clearly reveal the trend of events m the popu- 
lations The same trends are reflected to a lesser degree m the maxi- 
mum and minimum values for each, shown m Tables 3 to 10 
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TABLE 3 
Preparalytic Period 


Analysis of types of neuron damage in samples of motoneuron population supplying arm 

or leg 


ANIMAL AND 
EXTBEMITY 

MAXIMAL PARALYSIS 

TOTAL CELLS COUNTED 

EXPECTED NO IN SAMPLE 

ESTIMATED DESTROYED PLUS 
ABNORMAL 

% OF EX- 
PECTED NO 

% OF BEUAININO CELtS 

Normal 

Abnormal 

V 

•d >% 
o 

ca ♦>* 
B w 

P 

DiEEiise 

Chroma tolysis 
(Regressive) 

Central 

Chroma- 

tobsis 

(Recov- 

ery) 

Necrotic 

Normal 

2 

Severe 

2 

1 

Severe 

959 














R Arm 

5 

422t 

442 

0 


0 

m 



0 

0 

0 

100 

L Arm 

5 

451t 

451 

216 

52 

48 

0 


15 8 (4 9)* 

0 

0 

4 2 

52 0 

B474 














R Arm 

5 

423 

502 

188 

62 

22 

16 

9 7 


0 

0 

3 8 

74 2 

L Arm 

5 

453 

502 

102 


10 

10 

7 5 

2 2 (1 1) 

0 

0 


88 3 

B8 














R Arm 

5 

454 

537 

165 

69 

15 

16 

7 0 

6 6 (1 5) 

0 

0 

4 4 

82 0 

L Arm 

S 

423 

537 

187 

65 

14 

21 

6 4 

5 4 (1 4) 

0 

0 

5 4 

82 8 

R Leg 

5 

483 

526 

107 


12 

8 

7 3 

5 0 (2 3) 

0 

0 

IS 

86 7 

L Leg 

5 

482 

526 

79 

85 

7 

8 

5 6 

0 6 (0) 

0 

0 

m 

92 8 

B12 














R Arm 

5 

449 

591 

338 

43 

33 

24 

8 2 

15 8 (8 9) 

0 

0 

19 6 

56 4 

L Arm 

5 

437 

591 

337 

43 

31 

26 

5 7 

13 5 (8 9) 

0 

0 

22 7 

58 1 

R Leg 

5 

551 

627 

250 

Is! 

28 

12 

10 9 

8 8 (5 4) 

0 

0 

11 8 

68 5 

L Leg 

5 

556 

627 

148 

77 

12 

11 

7 1 

4 5 (2 7) 

0 

0 

2 3 

86 1 

B22 














R Arm 

5 

464 

552 

325 

41 

43 

16 

26 7 

17 9 (6 5) 

0 

0 

6 5 

48 9 

L Arm 

5 

324 

552 

519 

6 

53 

41 

35 2 


0 

0 

17 3 

10 2 

R Leg 

5 

423 

475 

353 

26 

63 

11 


22 7 (9 5) 

0 

0 

12 1 

28 8 

L Leg 

5 

448 

475 

303 

36 

58 

6 


18 1 (5 4) 

0 

0 

8 7 

38 4 

Mean 


455 

538 

241 

55 


15 

15 8 

12 4 (4 9) 

0 

0 

8 2 

63 6 


t This side not mcluded in calculations because entirely normal 
t Complete count of single focus in 7th cervical segment 

* Figures in parentheses in this and subsequent tables represent percentages of severely 
chromatolytic cells which are completely chromatolysed or almost so 

As was previously shown (Bodian and Cumberland, ’47), the patho- 
logical process very commonly has its onset in rhesus monkeys on the 
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TABLE 4 

Early Acute Period. (1st day) 


Analysis of types of neuron damage in samples of motoneuron populabon supplying arm 

or leg 


ANIMAL AND 
EXTazmiy 



tn 

**< 

CO 

S 

1 

TOTAL CELLS COUNTED 

EXPECTED NO IN SAMPLE 

a 

n 

s 

o 

e 

CO 

ft ^ 

« 3 

p 

ft 

% OF EX- 
PECTED NO 


% OF EEIXAINING CEltS 


Normal 

Abnormal 

^ >\ 
" 2 

S V 

5Q 

Ditfuse 

Chroma tolysis 
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Chroma 

tolysis 

(Recov- 
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Necrotic 

Normal 

s 

Severe 

Mild 

s 

V 
> 

V 
CO 

A696 














R Ann 

5 

364 

444 

153 

66 

16 

18 

9 1 

7 1(16) 

0 

0 

3 8 

80 0 

L Arm 

5 

436 

444 

85 

81 

17 

2 

12 1 

3 2 ( 0 5) 

0 

0 

2 3 

82 4 

R Leg 

5 

377 

483 

412 

15 

63 

22 

39 6 

32 8 ( 9 0) 

0 

0 

8 8 

18 8 

L Leg 

4 

313 

483 

416 

14 

51 

35 

32 9 

33 6 (12 5) 

0 

0 

12 1 

21 4 

C725 














R Ann 

2 

288 

484 

478 

1 

58 

41 

9 7 

42 3 (38 2) 

0 

0 

45 9 

2 1 

L Arm 

2 

408 

484 

446 

8 

76 

16 

13 0 

63 8 (54 7) 

0 

0 

13 9 

9 3 

B26 














R Arm 

4 

350 

514 

423 

18 

50 

32 

26 6 

30 3 (12 9) 

0 

0 

17 1 

26 0 

L Arm 

5 

413 

514 

435 

15 

65 

20 

28 4 

31 9 (12 3) 

0 

0 

20 6 

19 1 

R Leg 

5 

425 

499 

309 

38 

47 

15 

41 0 

10 1 ( 5 2) 

0 

0 

4 2 

44 7 

L Leg 

5 

418 

499 

323 

35 

49 

16 

36 4 

12 4 ( 4 3) 

0 

0 

9 1 

42 1 

Bll 














R Arm 

0 

47 

512 

512 

0 

9 

91 

4 3 

76 6 (53 2) 

0 

0 

19 1 

0 0 

L Arm 

3 

218 

512 

508 

1 

42 

57 

23 4 

47 2 (20 6) 

0 

0 

27 5 

1 9 

R Leg 

5 

425 

563 

370 

34 

41 

25 

40 4 

8 7(31) 

4 0 

0 

1 4 

45 5 

L Leg 

5 

423 

563 

512 

9 

66 

25 

19 2 

32 9 (21 5) 

0 2 

0 

35 7 

12 0 

B29 














R Arm 

3 

362 

543 

506 

7 

60 

33 

30 1 

26 5 (14 4) 

0 

0 

33 2 

10 2 

L Arm 

5 

416 

543 

364 

33 

44 

23 

38 7 

13 0 ( 4 6) 

0 

0 

5 3 

43 0 

R Leg 

5 

385 

515 

283 

45 

30 

25 

27 0 

6 5(31) 

0 

0 

6 2 

60 3 

L Leg 

5 

462 

515 

182 

65 

25 

10 

27 5 

0 4(0) 

0 

0 

0 0 

72 1 

Mean 


363 

506 

373 

27 

45 

28 

25 5 

26 6 (15 1) 

0 2 

0 

14 8 

32 8 


day preceding onset of paralysis At this tune in the preparalytic 
penod there is already apparent a sharp decline m the proportion of 
normal cells This dedme continues at about the same rate until the 
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TABLE 5 

Acute Period (2-3 days) 

Analysis of types of neuron damage m samples of motoneuron population supplying arm 

or leg 


AKntAL AND 
EXTEEMITY 

W 

w 

S 

h3 

s 

TOTAL CELLS COUNTED 

EXPECTED NO IN SAMPLE 

tn 

P 

(H 

Q 

O 

g 

M § 

B S 

w ^ 

% OP EX- 
PECTED NO 

Normal 

Abnormal 

T3 

aia 
B S 
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R Arm 

1 

44 

402 

402 

0 

11 

89 

L Arm 

1 

127 

402 

401 

0 

31 

69 

C924 (2 d ) 








R Arm 

3 

462 

558 

483 

13 

70 

17 

L Arm 

3 

474 

558 

411 

26 

59 

15 

R Leg 

1 

190 

658 

658 


29 

71 

L Leg 

1 

139 

658 

658 


21 

79 

C817 (2 d ) 








R Arm 

0 

50 

532 

532 

0 

9 

91 

L Arm 

2 

278 

532 

526 

1 

52 

48 

R Leg 

2 

226 

568 

568 

0 

40 

60 

L Leg 

3 

258 

568 

551 

3 

42 

55 

4.794 (3 d ) 








R Arm 

3 

416 

600 

563 

6 

63 

31 

L Arm 

3 

534 

600 

561 

7 

82 

11 

C927 (3 d ) 








R Ann 

2 

358 

532 

529 

0 

67 

33 

L Arm 

2 

305 

532 

532 

0 

57 

43 

R Leg 

D 

228 

559 

559 

0 

41 

59 

L Leg 

H 

237 

559 

559 

0 

42 

58 

C947 (3 d ) 








R Arm 

3 

455 

503 

479 


86 

9 

L Arm 

3 

364 

503 

433 


58 

28 

R Leg 

n 

250 

521 

521 


48 

52 

L Leg 

H 

306 

521 

521 

0 

59 

41 

Mean 

■ 
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4 

48 

48 


% or BEUAININO CEliS 


Diffuse 

Chroma tol} sis 
(Regressive) 

2 

Severe 

1 


9 1 

77 2 (38 6) 

14 2 

72 4 (40 9) 

m 

57 6 (24 0) 


45 3 (13 9) 

2 1 

83 7 (25 3) 

3 6 

77 7 (20 1) 

12 0 

78 0 (32 0) 

29 8 

62 2 (12 2) 

IwiM 

68 6 (34 5) 

26 4 

54 6 (23 2) 

14 6 

43 3 (35 6) 

23 4 

41 2 (18 7) 

6 7 

60 3 (30 7) 

1 3 

66 3 (37 7) 


84 2 (64 0) 


90 7 (64 1) 

34 1 

56 5 (24 2) 

43 2 

31 6 (16 2) 

2 4 

87 8 (62 4) 

8 5 

79 8 (48 1) 

15 1 

65 9 (33 3) 


Central 

Chroma- 

tclysis 

(Recov- 

ery) 



Mild 


Necroti 

Norma! 

0 

0 

■ 

0 

0 

0 

2 

0 8 
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0 

0 4 

16 2 
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0 

31 1 
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0 

14 2 

0 

0 

0 

18 7 

0 

0 

0 

10 0 

0 

0 

0 

5 8 

2 2 

0 

EE 

9 3 

0 

0 

0 4 

12 0 

6 6 

9 4 

23 8 


8 9 

7 3 



7 3 

4 2 

27 7 


0 8 

1 3 



0 

■ 

15 4 


0 

1 

9 3 


0 

2 2 

1 5 

H 

5 3 

2 7 

1 6 

1 6 

19 3 

0 


i««l 

0 

1 9 

1 3 

8 5 

0 

1 5 

6 7 

5 9 

4 9 
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TABLE 6 

Late Acute Period. {4-6 days) 


Analysis of types of neuron damage in samples of motoneuron population supplying 

arm or leg 




o 

>4 

§ 

tn 

P 

a 

% OP EX- 
PECTED NO 



% OF BSUAmiNG CEltS 



AKIKAL AND 
EXtREMiTy 

S 

§ 

C3 

o 

u 

m 

a 

< 

g 

o 

% 

Q 

p* 

o 

« 

H 

Vi 

H 

Q ^ 
fi 2 

« s 



_ W 

V. 

1*^ O 


Diffuse 

Cliromatolysis 

(Regressive) 


Central 

Chroma 

tolysis 

(Recov- 

ery) 

U 



i 

i 

o 

H 

G 

M 

s 

< O 

ea 

E 

g 

o 

a 

< 

rt S 

ES 

Mild 


Severe 


Mild 

Severe 

o 

u 

V 

Normal 

C944 (4 d ) 

R Arm 

3 

440 

526 

517 

2 

82 

16 

14 

S 

30 0 

( 9 

1) 

14 5 

38 2 

0 5 

2 0 

L Arm 

2 

282 

526 

525 

0 

S3 

47 

6 

4 

25 7 

(24 

5) 

9 2 

37 9 

0 4 

0 4 

R Leg 

1 

313 

565 

565 

0 

55 

46 

11 

2 

83 4 

(36 

1) 

0 6 

3 8 

1 0 

0 

L Leg 

1 

228 

565 

565 

0 

40 

60 

3 

9 

93 5 

(43 

9) 

0 

2 6 

0 

0 

D81 (4 d ) 

















R Arm 

2 

476 

583 

578 

1 

81 

18 

14 

5 

72 9 

(29 

0) 

4 2 

6 7 

0 6 

1 1 

L Arm 

1 

250 

583 

583 

0 

43 

57 

4 

8 

86 4 

(56 

0) 

0 4 

7 6 

0 8 

0 

R Leg 

1 

135 

511 

511 

0 

26 

74 

2 

2 

84 4 

(71 

8) 

0 

12 6 

0 8 

0 

L Leg 

0 

94 

511 

511 

0 

18 

82 

0 


79 8 

(70 

3) 

0 

20 2 

0 

0 

C943 (5 d ) 

















R Arm 

3 

431 

522 

509 

3 

80 

17 

5 

1 

35 7 

(28 

8) 

13 0 

42 7 

0 5 

3 0 

L Arm 

2 

357 

522 

505 

3 

65 

32 

6 

2 

32 1 

(23 

2) 

19 3 

37 0 

0 6 

4 8 

R Leg 

1 

242 

520 

520 

0 

47 

53 

1 

7 

60 8 

(45 

5) 

3 3 

34 2 

0 

0 

L Leg 

0 

210 

520 

520 

0 

40 

60 

0 


91 0 

(81 

0) 

0 5 

6 6 

1 9 

0 

B332 (6 d ) 

















R Arm 

3 

318 

448 

444 

1 

70 

29 

17 

3 

70 1 

(23 

2) 

3 1 

7 9 

0 3 

1 3 

L Arm 

2 

277 

448 

448 

0 

62 

38 

1 

1 

80 2 

(53 

9) 

0 1 

15 1 

3 6 

0 

R Leg 

4 

414 

469 

437 

7 

81 

12 

27 

0 

41 8 

( 7 

5) 

6 8 

16 4 

0 2 

7 8 

L Leg 

3 

363 

469 

463 

1 

76 

23 

12 

9 

67 3 

(15 

7) 

4 4 

12 9 

0 8 

1 7 

B338(6d) 

















R Arm 

3 

213 

520 

503 

3 

38 

59 

1 

4 

17 3 

(11 

7) 

26 8 

46 0 

0 5 

8 0 

L Arm 

5 

360 

520 

448 

14 

55 

31 

2 

8 

6 9 

( 4 

4) 

35 0 

35 0 

0 3 

20 0 

R Leg 

4 

316 

477 

440 

8 

58 

34 

5 

1 

50 1 

(39 

6) 

16 4 

16 1 

0 6 

11 7 

L Leg 

5 

406 

477 

365 

23 

62 

15 

1 

7 

25 9 

(21 

7) 

31 3 

13 5 

0 

27 6 

Mean 


306 

514 

498 








0 7 

4 5 
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TABLE 7 

Subacute Period {7-12 days) 


Analysis of types of neuron damage m samples of motoneuron population supplying 

arm or leg 


AKIUAX. AND 
EXTBEUITY 

MAXIMAL PABALYSIS 

TOTAL CELLS COUNTED | 

EXPECTED NO IN SAMPLE 

CQ 

g 

P4 

a 

> 

o 

H 

(fi 

o € 

p 

a 55 

% OF EX- 
PECTED NO 

% or SEUAINIKG CEILS 

Normal 

Abnormal 

6> 

'a ^ 
o 

g s 

w 

Diffuse 

Chromatoiysis 

(Regressive) 

Central 

Chroma 

tolysis 

(Recov- 

ery) 

Necrotic 

*rt 

g 

o 

Mild 

Severe 

Mild 

U 

IH 

> 

4> 

CO 

B339 (7 d ) 














R Arm 



568 

464 

18 

48 

34 

0 

3 2 ( 3 2) 

41 1 


m 

27 7 

L Arm 



568 

519 

9 

31 


0 

7 6 ( 7 6) 


32 4 


21 8 

R Leg 

1 

322 

582 

575 

1 

54 

45 

0 

32 3 (32 3) 

16 4 

48 8 


2 2 

L Leg 

2 

602 

582 

535 

11 

89 

■ 

0 

62(62) 

28 2 

54 5 

tM 

m 

11 1 

B93S (8 d ) 














R Arm 

3 

560 

855 

684 


45 

35 

0 

8 0 ( 8 0) 

28 8 


2 3 


L Arm 

2 

488 

855 

671 

21 

35 

43 

0 

8 4 ( 8 4) 

23 6 

22 3 



R Leg 

0 

111 

868 

842 

3 

10 

87 

0 

12 6 (12 6) 

43 2 

11 7 

9 1 

23 4 

L Leg 

1 

299 

868 

800 

8 

27 

65 

0 

10 0 (10 0) 


32 1 

2 3 

22 8 

B32 (10 d ) 














R Arm 

3 

546 

775 

362 

53 

17 


0 

15(15) 

13 4 

9 2 


75 5 

L Arm 

3 

595 

775 

395 

49 

28 

23 

0 

0 5 ( 0 5) 

22 2 

13 4 


63 9 

R Leg 

2 

466 

781 

471 


20 


0 

0 9 ( 0 9) 

19 7 

12 2 


66 6 

L Leg 

2 

300 

781 

644 

17 

21 


0 

6 7 ( 6 7) 

23 3 

22 6 


45 7 

B33 (11 d ) 














R Arm 

3 

249 

589 

405 

31 

11 

58 

1 6 

0 8 ( 0 8) 

12 9 



73 8 

L Arm 

4 

381 

589 

244 

59 

6 

35 

1 1 

0 0 


2 3 


pnwa 

R Leg 

4 

207 

408 

276 

33 

18 

49 

0 

0 0 

WE 

15 9 


63 7 

L Leg 

5 

235 

408 

258 

37 

21 

42 

0 

21(21) 


12 8 


63 9 

B23 (12 d ) 











■ 



R Arm 

4 

343 

419 

115 

73 

9 

18 


0 3 ( 0 3) 

7 0 

1 8 


88 6 

L Arm 

4 

295 

419 

327 

22 

48 

30 

12 9 

48 9 (17 3) 

2 7 

4 4 


31 1 

R Leg 

2 

181 

380 

313 

IS 


52 

SG 

5 6 ( 3 9) 

15 5 




L Leg 

4 

290 

380 

/ 

277 

43 

33 

24 

m 

6 9(10) 

16 2 

10 3 


56 3 

Mean 


354 

623 

459 

28 


42 

1 9 

8 2 ( 6 2) 

21 6 


1 3 

46 7 





















TABLE 8 

Sttbaciite Penod {14-22 days) 


Analysis of types of neuron damage m samples of motoneuron population supplying 

arm or leg 




>* 

Q 

H 

CO 

g 

a 

% or EX- 
PECTED NO 


% OS BSHMSmO CELTS 

ANlilAL AND 
EXTEEMITY 

CO 

09 

>* 

Pi 

g 

a 

CO 

M 

CO 

e 

O 

u 

CO 

M 

u 

Z 

§ 

Q 

e 

o 

>» 

S 

(0 

a ^ 

a ^ 

to 


"3 

o 

>% 

s 

V) 

o 

p 

Diffuse 

Chroma 

tolysis 

(Regres 

sive) 

Central 

Chroma- 

tolysis 

(Recovery) 




1 

a 

< 

Pi 

O 

H 

Nonna! 

g 

o 

a 

< 

cs 

s 

lO 

2 

Severe 

Mild 

Severe 

1 

Normal 

A761 (14 d ) 
R Arm 

3 

3 

293 

478 

226 

53 

8 

39 

0 

2 7 

9 2 

2 0 

0 

86 1 

L Arm 

4 

4 

360 

478 

156 

67 

8 

25 

1 6 

0 6 

7 2 

1 1 

0 

89 S 

R Leg 

4 

4 

334 

452 

145 

68 

6 

26 

0 

0 

7 5 

0 6 

0 

91 9 

L Leg 

4 

4 

269 

452 

210 

54 

6 

40 

0 

0 4 

6 3 

3 3 

0 

90 0 

B167 (15 d ) 















R Arm 

4 

4 

367 

568 

259 

54 

10 

36 

0 

1 4 

13 6 

0 8 

0 

84 2 

L Arm 

4 

5 

444 

568 

197 

65 

13 

22 

0 

0 2 

14 8 

1 4 

0 

83 6 

R Leg 

3 

3 

293 

516 

360 

30 

27 

43 

0 

0 7 

30 7 

IS 0 

0 3 

S3 3 

L Leg 

3 

3 

279 

516 

389 

25 

29 

46 

0 

2 9 

28 6 

22 2 

0 7 

45 6 

B97 (16 d ) 















R Arm 

1 


87 

467 

385 

18 

1 

81 

0 

1 2 

0 

2 3 

2 3 

94 2 

L Arm 

1 


125 

467 

349 

25 

2 

73 

0 

0 0 

1 6 

0 

4 0 

94 4 

R Leg 

1 


245 

331 

217 

34 

40 

26 

0 

21 6 

14 3 

16 3 

1 2 

46 6 

L Leg 

1 


89 

331 

261 

21 

6 

73 

0 

1 1 

7 9 

9 0 

3 4 

78 6 

A651 (18 d ) 















R Arm 

1 

3 

314 

477 

167 

65 

1 

34 

0 

0 3 

1 0 

0 

0 

98 7 

L Arm 

1 

2 

165 

477 

315 

34 

1 

65 

0 

0 6 

0 

1 2 

0 

98 2 

R Leg 

1 

1 

360 

523 

176 

66 

3 

31 

0 

0 

2 2 

1 4 

0 

96 4 

L Leg 

1 

1 

125 

523 

318 

20 

4 

76 

0 

0 

13 6 

2 4 

0 

84 0 

B35 (21 d ) 














99 4 

R Arm 

1 

1 

171 

732 

731 

23 

0 

77 

0 

0 

0 6 

0 

0 

L Arm 

1 

1 

140 

732 

727 

18 

1 

81 

0 

0 

0 

3 6 

0 

96 4 

R Leg 

0 

0 

89 

826 

822 

10 

1 

89 

0 

0 

2 3 

2 3 

0 

95 4 

L Leg 

0 

0 

125 

826 

816 

14 

1 

85 

0 

0 

2 4 

5 6 

0 

92 0 

C198 (22 d ) 












0 5 

0 

94 2 

R Arm 

4 

5 

375 

540 

187 

65 

4 

31 

0 

0 

5 5 

L Arm 

4 

5 

356 

540 

198 

63 

3 

34 

0 

0 

3 9 

0 

0 

96 1 

R Leg 

4 

5 

384 

566 

219 

61 

7 

32 

0 

0 

8 9 

0 8 

0 

90 3 

L Leg 

4 

5 

318 

566 

265 

53 

3 

44 

0 

0 

5 1 

0 3 

0 

94 6 

Mean 



254 

540 

337 

42 

8 



1 7 

7 8 

3 8 


86 4 
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TABLE 9 

Early Convalescent Period (35-43 days) 

Analysis of types of neuron damage in samples of motoneuron population supplymg arm 

or leg 


% or EEIUINING CEH.S 

Diffuse 

Chroma 

tolysis 

(Regres 

sive) 

Central 

Chroma- 

tolysis 

(Recovery) 

Necrotic 

Normal 

Mild 

Severe 

Mild 

Severe 

0 

0 


0 

0 

99 8 

0 

0 


0 

0 

99 3 

□ 

0 

2 3 

0 

0 

97 7 

0 

0 

3 9 

0 3 

0 

95 S 

0 

0 

1 7 

0 

0 

98 3 

0 

0 

0 4 

0 

0 

99 6 


0 

1 3 

0 

0 

98 7 


0 

2 2 

0 

0 

97 8 


0 

1 8 


0 

97 6 


0 

1 3 


0 

98 7 


0 

2 9 

1 1 

0 

HiWn 


0 

1 2 

1 2 

0 

97 6 


0 

1 2 

0 

0 

98 8 


0 

0 3 

0 3 

0 

99 6 

0 

0 

4 3 

0 

0 

95 7 

0 

0 

2 7 

04 

0 

96 9 

0 

0 

2 9 

0 3 

0 

96 8 

0 

0 

1 6 

0 3 

0 

98 1 

0 

0 

4 5 

BIS 

0 

95 2 

0 

0 

6 8 

2 1 

0 

91 1 



2 2 



97 5 






M 

tn 

P 

M 

Pi 

A 

% OF EX- 
PECTED NO 

AKIUAL AND 
EXTSEiOXY 

n 

to 

§ 

n 

g 

Pi 

tn 

w 

>♦ 

TOTAL CELLS COUNTE 

s 

2 

a 

S 

w 

s 

ESTIMATED DESTEOYE 
ABNORMAL 

Normal 

Abnormal 

Estimated Destroyed 

B190 (35 d ) 









R Arm 


5 

667 

811 

145 

82 

o 

18 

L Arm 


5 

591 

811 

224 

72 

1 

27 

R Leg 


5 

524 

755 

243 

68 

2 

m 

L Leg 

1 

3 

306 

755 

462 

39 

2 

59 

A890 (38 d ) 









R Arm 


4 

289 

514 

230 

55 

1 

44 

L Arm 


4 

248 

514 

267 

48 

D 

52 

R Leg 

1 

3 

195 

553 

360 

35 

0 

65 

L Leg 

1 

3 

224 

553 

334 

m 

1 

59 

A690 (38 d ) 









R Arm 

1 

2 

165 

486 

325 

33 

1 

m 

L Arm 

2 

4 

228 

486 

261 

46 

1 

53 

R Leg 

1 

3 

274 

474 

211 

56 

2 

42 

L Leg 

1 

2 

82 

474 

394 

17 

y 

83 

A876 (41 d ) 









R Arm 


4 

331 

516 

189 

63 

1 

36 

L Arm 


4 

353 

516 

165 

68 

□ 

32 

R Leg 

1 

2 

186 

534 

356 

33 

2 

65 

L Leg 


2 

259 

534 

283 

47 

2 

51 

B188 (43 d ) 









R Arm 


4 

341 

522 

192 

63 

2 

35 

L Arm 

1 

4 

375 

522 

154 

71 

1 

28 

R Leg 

2 

4 

374 

529 

173 

67 

4 

29 

L Leg 

1 

2 

146 

529 

396 

25 

3 

72 

Mean 

■ 

■ 

308 

569 

268 

52 

1 

47 
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TABLE 10 

Early Convalescent Period {45-49 days) 


Analysis of types of neuron damage m samples of motoneuron population supplying 

or leg 







CA 

P 

g 

% OP EX- 
PECTED NO 


% OP BEltADUNC CELLS 



s 

Q 

i 

< 

CA 

g 

o 

8 

ESTIMATED DESTROYED 
ABNORMAL 









AKIMAL AND 
EXTREMITY 

tfi 

w 

3 

< 

W 

g 

(4 

M 

H 

(A 

CA 

M 

H 

g 

O 

u 

CA 

»■) 


n 

T3 

>% 

s 

(0 

V 

p 

'T3 

Diffuse 

Chroma 

tolysis 

(Regres 

sive) 

Central 

Chroma- 

tolysis 

(Recovery) 




3 


s 


g 









< 

n 

g 

g 

O 

H 

a 

ut 

g 

c 

< 

ti 

tn 

H 

2 

1 

> 

0) 

CO 

Mild 

<3 

> 

V 

CO 

s 

CJ 

Cl 

B186 (45 d ) 






■ 








R Arm 



269 

526 

274 

50 

1 

49 

0 

0 

1 5 


0 

L Arm 



334 

526 

204 

62 

1 

37 

0 

0 

1 5 


0 

R Leg 



104 

520 

424 

18 


80 

0 

0 

4 8 


0 

L Leg 

1 


181 

520 

340 

35 

0 

65 

0 

0 

0 6 

0 

0 

B187 (45 d ) 














R Arm 

1 


318 

572 

259 

55 

1 

44 

0 

0 

1 6 

0 

0 

L Arm 

1 

1 

126 

572 

450 

21 

1 

78 

0 

0 

2 4 

0 8 

0 

R Leg 

1 

3 

207 

517 

324 

37 

□ 


0 

0 

5 8 

1 0 

0 

L Leg 

0 

0 

61 

517 

462 

11 

1 

88 

0 

0 

8 2 

1 6 

0 

B189 (45 d ) 














R Arm 

2 

5 

335 

493 

162 

67 

1 

32 

0 

0 

1 2 

0 

0 

L Arm 

0 

0 

92 

493 

405 

18 

1 

81 

0 

0 

3 3 

1 1 

0 

R Leg 

n 

3 

231 

530 

307 

42 


56 

0 

0 

3 5 

0 

0 

L Leg 

II 

4 

286 

530 

265 

50 


46 

0 

0 

6 3 

1 1 

0 

B21 (49 d ) 














R Arm 

3 

5 

294 

520 

228 

56 

1 

43 

0 

0 

0 7 

0 

0 

L Arm 

4 

5 

347 

520 

177 

66 

1 

33 

0 

0 

1 2 

0 

0 

R Leg 

2 

3 

135 

529 

407 

23 

3 

74 

0 

0 

7 4 

2 2 

0 

L Leg 

3 

5 

242 

529 

290 

45 

1 

54 

0 

0 

1 2 

0 

0 

B14 (49 d ) 












0 4 

0 

R Arm 

3 

4 

250 

495 

249 

50 

1 

49 

0 

0 

1 2 

L Arm 

4 

5 

315 

495 

185 

63 

1 

36 

0 

0 

1 3 

0 3 

0 

R Leg 

4 

5 

250 

420 

176 

58 

1 

41 

0 

0 

2 0 

0 4 

0 

L Leg 

4 

5 

326 

420 

103 

76 

2 

22 

0 

0 

2 5 

0 3 

0 

Mean 

■ 

■ 

235 

512 



0 

54 


D 

2 9 


D 


arm 


|98 1 

98 2 
92 3 

99 4 


98 4 
96 8 
93 2 
90 2 


98 8 

95 6 

96 5 
92 6 


99 3 
98 8 
90 4 
98 8 


98 4 
98 4 
97 6 
97 2 


96 5 


Nonnal 
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second and third days after onset of paralysis, when only about 4% of 
the total numbers remam normal m appearance, on the average 
Similarly low values are mamtamed through the fifth day, following 
which a gradual mcrease m the proportion of normal cells occurs, 
reaching a plateau m the period between 3 and 7 weeks after onset 
It is interestmg that the peak m the proportion of abnormal cells 
occurs at the tune of the lowest values for normal cells, and that a 

PROPORTIONS OF MOTOR NERVE CELLS IN ACUTE 



Chart 2 The Cisanging Character oe the Motoneuron Population as 
Indicated by the Mean Cell Counts at Dleferent Stages 

Each point represents the mean of the motoneuron populations supplying 20 
limbs, with an average seventy of paralysis of grade 2 (moderate to severe paraly- 
sis) Data from Tables 3 to 10 Values for destroyed motoneurons obtained by 
subtraction of normal and abnormal motoneurons from the total expected number 

steady dechne follows which leads to neghgible values when the normal 
plateau occurs It is important to note that the plateau for destroyed 
cells IS reached rather abruptly, and at a tune comcident with peak 
values for abnormal cells and lowest values for normal cells This 
leads to the inescapable conclusion that no appreciable mcrement of 
destroyed ceUs occurs after this tune Moreover, the tncrease m nonml 
cells after the second to fifth days must occur by the recovery of abnormal 
cells 



42 


BAVH) BODIAN 


Changing proportions of normal cells, and abnormal stages with respect 
to the total number of remaining cells In order to obtain more detailed 
information about the stages of regression and of recovery in infected 
cells, the changing proportion of normal cells and abnormal stages with 
respect to the total number of remaining, undestroyed cells was ana- 
lysed It was intended that such an analysis should show the progres- 
sion of cytopathological changes by revealing the time when each stage 
of cell change reaches its peak in terms of proportion of the remaining 
cell population Destroyed neurons were not included, since this 
portion of the population is essentially negligible after the third day 

In order to classify the pathological stages to be included m the sta- 
tistical study, a preliminary survey was earned out, based on the 
following assumptions 

1 The regressive and recovery changes produced by virus action m 
nerve cells are progressive and follow essentially the same sequence m 
all cells, although the rates of change may be presumed to be vanable 

2 Pathological stages present in large numbers m the acute period 
of the disease and rare or absent m later periods, represent injury 
stages 

3 Pathological stages present in large numbers in the subacute and 
convalescent periods, and rare or absent m the acute stage, represent 
recovery stages 

The morphological intracellular changes in motoneurons fortunately 
were sufficiently distinctive in character, as shown m the first section, 
so that they could be classified m a relatively simple manner The 
adequacy of the classification m terras of the above assumptions and of 
the dynamics of the disease itself appeared to be satisfactorily con- 
firmed by the results to be described It was found that the predomi- 
nant cytopathological change in remammg neurons in the earliest pre- 
paralytic cases was a difiuse cytoplasmic chromatoiysis, largely mild in 
degree (Table 3, Chart 3, Plate 13, fig 1) In the early acute paralytic 
period diffuse chromatoiysis of a severe degree increased in prommence, 
and reached peak proportions between 2 and 5 days (Severe diffuse 
chromatoiysis, Chart 3, Tables 5 and 6, Plate 13, fig 2) 

Neurons with diffuse cytoplasmic chromatoiysis short of complete ab- 
sence of NissI bodies were rare after the acute stage, so that progressive dif- 
fuse thinning of Nissl bodies may be assumed to identify the regressive 
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stages due to virus action After the first 3 days of paralysis, during 
which diffusely chromatolytic and “necrotic” cells dominate the cyto- 
pathological picture, a new morphological appearance of neurons is seen 
m considerable numbers of cells for the first time This is the appear- 
ance of “central chromatolysis”, characterized by an increased density 
of Nissl bodies in the cell penphery and near the nuclear membrane, but 

PROPORTIONS OF NORMAL AND ABNORMAL MOTONEURONS IN ACUTE AND EARLY 
rnurun . wr RECOVERY PERIOD 



The changing character of the motoneuron population, expressed m proportion 
of cells in each pathological stage to the total number of remaimng cells at each 
period of the disease Data m Tables 3 to 10 


with rarefied or absent Nissl substance m the mtervenmg cytoplasm 
(Plate 13, fig 3) Whereas the nucleus is generally centrally located 
m the cell body m cells showing diffuse chromatolysis, it is more apt to 
be eccentncally displaced m cells showmg “central” chromatolysis 
The cells shownng central chromatolysis are at first relatively few in 
number and mixed with cells showmg diffuse chromatolysis (Tables 5 
and 6) By the 7th day after onset of paralysis, however, the latter are 
rather rare, whereas the former represent the pnnapal pathological cell 
type except for a few necrotic forms (Chart 3, Plate 13, fig 4) In 
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progressively later stages, the Nissl substance is seen in greater 
amounts in such cells Thus, the appearance of central chromatolysis 
with progressively increasing Nissl substance may be assumed to 
identify the recovery changes m nerve ceUs injured by virus action 
It IS mterestmg that central chromatolysis is first seen when paralysis 
has ceased to progress and persists in diminishing number of cells, 
becommg negligible m number after the 3rd or 4th weeks 

Cells which are severely chromatolysed in the acute stage, probably 
pass through the stage of severe central chromatolysis first, and later 
that of mild central chromatolysis, before complete recovery of chro- 
mophil substance On the other hand, it is likely that many cells are 
only hghtly chromatolysed at first, and only pass through the stage of 
mild central chromatolysis before complete recovery This likelihood 
seems to be suggested also by the quantitative data showmg that the 
peak proportions of cells showmg mild and severe central chroma- 
tolysis, respectively, are not sequential but concurrent m time, with the 
mild stages persistmg over a longer period (Chart 3) 

III Damage and Recovery of the Nerve Cell Population as Related 
to Motor Paralysis and Recovery 

The previous sections have illustrated the possibihty of studying the 
injury and recovery changes m the motor nerve cell population in 
sufficient quantitative detail to make feasible a formulation of several 
principles which describe rather complex pathological phenomena in a 
relatively sunple manner The relatmg of these cellular phenomena to 
the chnical concepts of paralysis and recovery from paralysis is a 
matter of much greater difficulty First of all, the dinical symptom 
“paralysis” is not easily defined m measurable terms The normal 
function of a limb is an exceedingly complex process, m which many 
parts of the nervous system take part m determimng the movement of 
muscle and bone The precise timmg of a complex sequence of move- 
ments and the coordination of action of antagonistic and synergistic 
muscles are effected by the function of centers m the cerebral cortex, 
basal gangha, brainstem, cerebellum, and spinal cord, m response to 
“voluntary” initiation, and to sensory reflex discharges frequently 
emanating from the muscles themselves The central nervous mecha- 
nism, however, must exert any influence upon the muscles by actmg 
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through the motoneurons, which constitute the “final common path- 
way” of CNS motor discharges Thus, although destruction or 
damage of motoneurons may be directly productive of loss of muscle 
function, injury to higher motor centers, which have been shown to be 
affected in vanable degree in poliomyelitis (Bodian, ’47), can only be 
apparent chnically if the “lower” motoneurons are functioning nor- 
mally As it happens, the predommant injury m pohomyehtis occurs 
m the motoneuron population of the spinal cord, so that damage to 
higher centers either is masked as a rule, or is often too minor in degree 
to be manifest dmically Nevertheless, the fact that impaired motor 
function may result from injury to centers other than lower motor 
neuron pools makes it difficult at times to assess accurately the degree 
of weakness or “paralysis” m poliomyelitis For example, the spas- 
tiaty of early pohomyehtis m monkeys may be so extreme as to make 
It difficult for animals to climb, although motoneurons are quite intact 
(Bodian, ’47) Manual exammation of extremities m more detail, 
however, reveals no lack of power, but only muscular rigidity as the 
limiting factor in movement The rigidity, of course, disappears m 
those muscles where paralysis due to lower motor neuron damage be- 
comes severe It is thus evident that loss of muscular power rather 
than inadequacy of motor performance is the best mdex of motoneuron 
damage in the acute stage, and in later stages atrophy of muscles can 
be used as a confirmatory sign of motoneuron destruction 
The total potential power of contraction is normally rarely called 
into play, and m fact it is obvious that only a small fraction of the 
potential muscle power is necessary for ordmary motor activities 
When a measure of motor function is desired, this is usually obtained 
by assessing the potential power of muscles or muscle groups by means 
of ergographs or by means of less accurate arbitrary standards which 
involve the degree of performance against the resistance of gravity 
Since the available power of normal muscles is determmed by the 
general physical condition of the mdividual, and vanes with fatigue, 
exercise, nutritional state, etc , it is obxnous that the motor function of 
the CNS, or even of the muscle itself cannot be accurately quantitated 
over a period of tune vnthout control of these factors l^ffien all these 
factors are considered, the potential power of some single muscles or of 
single synergistic muscle groups can be measured wnth a fair degree of 
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accuracy Unfortunately, however, the motoneurons supplying indi- 
vidual muscles or small muscle groups cannot be accurately localized m 
the spinal cord except by expenmental means, and their localization in 
an infected spmal cord is even more dif&cult As we have earher indi- 
cated, the motoneuron population supplying an entire limb can be 
more readily identified, and a reasonably accurate sample of the popu- 
lation can be counted and classified into pathological stages We have 
therefore accepted the difficulty of accurately assessing the motor 
function of an entire limb and have used a system of grading which is 
not over-refined but which appears to be adequate for our purposes 
The method has been described m one of the mtroductory paragraphs 
of this report It must be emphasized here, however, that the grades 
of function are arbitrary and represent quantities of increasing magni- 
tude but of unknown value 

The Role of Motoneuron Destruction 

In view of the relative crudeness of muscle testing, the first question 
which must be asked is how closely can motor function be correlated 
with motoneuron destruction in the early convalescent period At this 
time, between about one and three months after onset, the simplest 
possible relation between the size of the remaining motoneuron popu- 
lation and the degree of residual weakness may be obtained, since most 
of the remainmg neurons are normal m appearance, and probably in 
function Moreover, hypertrophy of muscles, which may reach con- 
siderable proportions in partly paralysed limbs after the third month, 
has not as yet had a chance to affect the relation between residual 
motoneurons and residual muscle function to too great a degree It is 
not uncommon, for example, to find an increase m mass of muscle of a 
partly paralysed limb from about one-half of that of its normal mate to 
almost normal dimensions between the third and sixth month 

Table 12 shows the relation between degree of paralysis and the per- 
centage of survivmg motoneurons of 78 paralysed limbs from 20 ani- 
mals (Tables 8 to 11) killed between three weeks and three months 
after onset of paralysis (see also Table 15, D, and Chart 4, D ) The 
average grade of seventy of paralysis of all limbs was roughly 2 at the 
height of paralysis, and 3 at the time the animals were kiUed In aU of 
these animals the survivmg motoneurons were all or almost all normal 
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Relation of Paralysis to Destroyed Motoneurons in Convalescent Period 


ANTlUt AXO EXTREKXTV 

DtmATIOX 1 
OF ! 

PARALYSIS i 
IX PAYS ' 

MAXIMAL 
PARALYSIS 
IN ACUTE 
STAGE 
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TEEUISAILY 

TOTAL 

CELLS 
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EXPECTED 

NO 

% 
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DESTROYED 
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31 

1 
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174 
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1 

2 
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54 

R Leg 
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0 
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0 
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in appearance The mean and the range of the percentages of sur- 
viving ceUs are shown in the motoneuron population of limbs of speci- 
fied grade at the time of death Of special interest are the values for 


TABLE 12 

Rdalton between Seventy of Paralysis and Destroyed Motoneurons in Early Convalescent 

Period'^ 


CLINICAL GRADE WHEN 
EILLEDt 

PEE CENT OF JIOTONEOEONS DESTSOVED 

NO LDIBS 

Mean 

Range 

5 

34 

18-54 

22 

4 

44 

28-57 

17 

3 

62 

42-80 

10 

2 

70 

52-85 

12 

1 

80 

63-92 

8 

0 

91 

81-100 

9 

Total 

78 


t Animals killed 3 weeks to 3 months after onset 
t Average clmical grade at height of paralysis — about 2 
Average climcal grade when killed — about 3 


TABLE 13 


Relation between Seventy of Paralysis at its Height and Destroyed Motoneurons^ 


CLINICAL GRADE AT HEIGHT 
OF PAEALYSISt 

PER CENT OF HOTON 

Mean 

rUEONS DESTROYED 

Range 

NO LIUBS 

5 

28 

18-43 

4 

4 

35 

18-57 

24 

3 

41 

23-58 

12 

2 

42 

0-74 

18 

1 

62 

26-87 

44 

0 

90 

81-100 

12 

Total 

114 


f Animals killed 7 days to 3 months after onset 
X Average clinical grade at height of paralysis — about 2 


lim bs graded as normal, and as completely paralysed (5 and 0), smce 
these clinical grades, and especially the latter, are the most accurately 
determined It will be noted that of 22 limbs graded as “normal” m 
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function at the time of death, none showed less than 18% destruction 
of motoneurons, and the average value was 34% It, therefore, ap- 
pears that as much as a third of the motoneuron population may be 
destroyed without detection of weakness of the limb by our method of 
examination, which mcludes observation of climbmg, runnmg, or jump- 
ing, careful manual examination, and inspection for evidence of atrophy 
(sec also Pette, Demme, and Komyey, ’32, page 245) Our earher 
observ^ations suggest that this figure for “normal” hmbs may be high 
for many non-paralytic cases, but it is not lugh for paralytic cases re- 
gardless of the “mildness” of the paralysis Of the 22 limbs graded as 
“normal” between the first and third months, 3 were never noted to be 
paralysed, 10 were paralysed to the degree 4 at the height of paralysis, 
and the remaining were distributed among grades 3, 2 and 1 at the 
height of paralysis 

At the other extreme it was found that 9 of 11 hmbs completely 
paralj'sed in the acute stage, or showmg only traces of muscular ac- 
tixuty, failed to recover any function whatever This agrees with 
general expenence in human cases, m which it is found that the possi- 
bility of any recovery whatever is very low m extremities completely 
paralysed in the acute stage In only 2 of our 9 cases of total limb 
paralysis, however, was the destruction of motoneurons complete m the 
sections examined The average loss was 91%, which suggests that a 
residual population of about 10% of motoneurons is mcapable of pro- 
ducing clmically obsen^able movement m some cases In other cases, 
graded as 1 nhen killed, a residual population no larger or very little 
larger nas capable of producing movement because it was concentrated 
largely m an area supplying a small muscle group, usually the toe or 
finger flexors, which often was the last group to be mvolved 

The proportion of destroyed motoneurons in the mtervenmg grades 
(4 to 1), at the time the animals were killed, shows a good correspond- 
ence n idi tlie degree of paralysis Although there is considerable over- 
lap in tlic ranges of adjacent groups, this is not surpnsmg m view of the 
difficulties of clinical grading and the role of vanation m distribution 
of destruction, to be discussed The demonstration of a general pro- 
portionality betneen motoneuron destruction and degree of paralysis 
in tlie earlj conx alescent period is, of course, confirmatoiy of an estab- 
lished fact nhicli can be xenfied b> a much easier survey of spmal cord 
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sections from selected cases The larger quantitative experience, how- 
ever, makes possible more accurate analysis of details with an assurance 
that cannot be obtained by an unsystematic survey of spmal cord 
sections 

With a degree of confidence m the validity of the method of relating 
motor function to the status of the motoneuron population, engendered 
by the above described results, we can now proceed to examme m the 
same animals the relationship between motoneuron destruction and 
chnical grade at the height of paralysis in the acute period The values 
given m Table 13 show the percentages of surviving motoneurons in 
animals killed between 3 weeks and 3 months after onset, as related to 
limbs of specified chnical grade at the time of the height of paralysis m 
the acute stage An additional 36 limbs (Tables 7 and 8) from annuals 
killed after the seventh day are added to those of Table 12 Smce it 
was shown in the previous section that negligible death of motoneurons 
occurs after the height of paralysis is reached, it may be assumed that 
the number of motoneurons found destroyed at any time after 7 days 
is the same as that which would have been observed if the animal had 
been killed at the height of paralysis It will be noted at once that in 
animals with the severest grade of paralysis (0) at the height of paraly- 
sis, the proportion of destroyed motoneurons is the same as it is m ani- 
mals with the same clmical grade when killed in the early convalescent 
period (Table 12), as is to be expected The hmbs in other grades at 
the height of paralysis, however, show a consistently lower mean value 
of destroyed motoneurons than hmbs of comparable grade m the early 
convalescent period In grades 1, 2 and 3 the difference is about 20% 
m each This indicates that a sizable component of the paralysis of 
the acute penod cannot be accounted for by motoneuron destruction 
That this component may be very large m some cases is strikmgly 
shown by the lowest values in grades from 1 to 5, all of which fall below 
26, whereas the lowest values in Table 12 follow a stepwise order from 
18 to 63 per cent, consistent with the mean values 

It IS plain, therefore, that most of the remainmg weakness observed 
m the early convalescent period can be accounted for on the basis of 
motoneuron destruction alone, whereas the paralysis observed m the 
acute stage is also in part the result of other factors One of these 
factors IS probably the reversible mjury of motor nerve cells, smce it 
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was shown m the precedmg section that many motoneurons may be 
severely injured and jet recover, as far as microscopic structure is con- 
cerned, before the earlj^ convalescent period 

The Role of Reversible Motoneuron Injury 

With the knowledge that extensive reversible changes occur in 
motoneurons in the acute penod, we have attempted an analysis of 
their role in tlie production of the recoverable component of paralysis 

TABLE 14 


Relation lctJ.een Scenty oj Paralysis and Pathological Status of Motor Nerve Cells in Acute 

Period {0 to 12 days) 


CttMCAL eSADE WHES 

ntuxv 

1 

2 

3 

hO X.IMBS 

% of Cell! 
DcJtroyed 

% of Cells 
Destroy ed, Necrotic 
or CoiDplctelj 
Chroma tobsra 


Mean 

Ranje 

Mean 

Ranee 

Mean 

Range 

s 

IS 

0-43 

28 

5-68 

32 

12-72 

29 

4 

30 

12-49 

39 

18-60 

46 

19-69 

9 

3 

31 

10-59 

44 

23-77 

56 

28-82 

18 

2 

38 

0-60 

59 

36-90 

70 

45-91 

15 

1 

60 

40-89 

79 

63-95 

87 

70-97 

16 

0 

82 

60-91 

94 

90-97 

96 

91-98 

5 

Total 

92 


t This giv cs sc\ erdy chromatol) sed cells the functional value of half as many nonnal 
cdls 


The motoneuron populations of 92 Imibs were studied m animals killed 
between the preparatytic period and 12 days after onset of paralysis 
As can be seen in Table 14, column 1, and m Chart 4, A, the average 
proportion of destroj-ed cells alone is much less for each grade of chnical 
function than is the case in the earlj’- convalescent period when the 
morphological status of tlie motoneuron population is stabilized 
(Table 12, Chart 4, D) In Table 14, column 2, the proportion of all 
cells whicli were considered as verj’- likelj' to be non-functional is given 
for limbs of each clinical grade These cells include estimated de- 
strojed cells, cells wlucli we hav c prevnouslj defined as “necrotic”, but 
which still have recognizable nuclei, and cells which are corapletelj' 
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chromatolysed, that is, have no remaining Nissl substance in the cyto- 
plasm These proportions, also shown in Chart 4, B, compare well 
with those found m the “stable” motoneuron population of the early 
convalescent period (Table 12, Chart 4, D), with the greatest dis- 
crepancy seen in limbs of grades 2 and 3 Smce it was thought that 
some cells graded as “severely chromatolytic” could be functionless 

RELATION between ^ERJ[TY OF PARALYSIS IN ACUTE STAGE (0 TO 12 DAYS) AND 
PATHOLOGICAL STATUS OF MOTONEURONS 



See page 51 for detailed explanation The hnes A, C, and D correspond to the 
correlation tables in Table 15, and show the trends of mean proportions of “non- 
functional” motoneurons in relation to functional grades Smce the quantitative 
value of each clinical grade is unknown, as explained on page 44, the lines are not 
to be considered as accurate curves, since the slopes are unknown 

The grades of paralysis shown below (are explained on page 8 Grade 5 repre- 
sents normal or almost normal limbs, and grade 0 completely paralysed limbs 

also, this assumption was then tested as well It was found that when 
half of such cells were counted as non-functional, and added to those 
included in Table 14, column 2, a result was obtained which fitted weU 
with the comparison of motoneuron populations and chnical grade of 
the early convalescent period (Compare Table 12 and Table 14, 
column 3 , and Chart 4, C and D) This result brought out a fact pre- 
viously unrecognized by us, namely that severely chromatolysed cells 
were relatively more numerous m the “middle” grades of paralysis 
(2 and 3) 
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The correspondence between Imes C and D in Chart 4 is of consider- 
able interest in suggestmg that the function of an infected neuron is 
lost in the stage of injury change which we have descnbed as “severe 

TABLE 15 


Grade of Ltmhs tn Pohomydttts Cases tn Rdaiton to “Non-Fmcltonal" Motoneurons^ 


GRADE OF 
tiMBs m 

0-9 

10-19 

20-29 

30-39 

tO-49 

S0-S9 

60-09 

70-79 

80-89 

i 

90-100 


acute stage 

(0-12 D ) 










A % of Cells Destroyed 



C % of Cells Destroyed, plus Necrotic Cells, Completely Ciiroroatolysed Cells, and 
i of Severely Chromatolytic Cells 
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3 
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1 

1 


r = 0 82 
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1 

2 

3 

11 

3 

2 

1 

1 







n 

5 

6 

4 


0 



i 




II 



5 




t The frequency numerals in the tables refer to the number of hmbs in each category 
Grade 5 = normal, grade 0 = complete paralysis 


chromatolysis”, and that cells in stages of more severe change are 
functionless This supposition is in agreement with findings from indi- 
vidual cases described in Section II Moreover, the great disparity 
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between values of C and those of A, especially in the “middle” dmical 
grades, suggests that a large component of the lost function m the acute 
stage may be due to the reversible injury represented by the stages of 
severe chromatolysis Cells m these stages are very numerous between 
the fifth and twelfth days, when significant numbers of cells are no 
longer dying off 

Table 15 shows these relationships m the form of a correlation table, 
with A, C, and D corresponding to the trends m mean values shown in 
Imes A, C, and D of Chart 4 An obviously high degree of correlation 
between grade of limb function and destroyed motoneurons is shown m 
the early convalescent period (D), with a correlation coefiScient, r, of 
0 86 ^ In the acute period the correlation, although high also, is some- 
what less (A), with a shift in the direction of less motoneuron destruc- 
tion in each grade than shown in (D) This means that ceU destruction 
alone cannot completely account for the degree of paralysis observed, 
although It is an important factor In (C) the effect of mcluding 
necrotic cells, completely chromatolysed cells, and half of the severely 
chromatolysed cells m the category of “non-functional” is shown The 
relation between grade of function and proportion of non-functional 
cells IS much closer to that found m the early convalescent period (D) 
The discrepancy is very hkely due m large part to the greater diflhculty 
of accurately assessing grades of function in the acute period In the 
latter stages, for example, the presence of asymmetncal atrophy of 
hmbs IS a helpful adjunct in the assessing of function and probably 
prevents certain errors of grading to some extent 

The Role of Distribution of Cell Injury and Destruction 

It was expected at the beginning of this study that great di&culty 
Would be encountered in comparmg the pathological status of the 
motoneuron population and the function of the corresponding hmb as a 
whole Spotty paralysis in a lunb is often observed, with obvious 
paralysis of one muscle group and very little if any, m another group 
in the same hmb Smiilarly, one frequently observes severe destruc- 
tion of motoneurons on one side of a spinal segment, or part of one, and 
little if any destruction of adjacent segments Although these occur- 

2 A correlation coefficient of 1 represents complete association, one of 0 repre- 
sents no association 
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rences are striking, they are by no means the rule, since a relatively 
homogeneous distribution of pathological effect is also commonly seen 
Moreover, in our experience, the spotty distnbution of pathological 
change rarely results m the selection of a smgle functional muscle group 
for destruction, but usually has a segmental character, so that alternat- 
ing regions along the cephalocaudal axis are affected severely or moder- 
ately As IS well known, segmental lesions, such as follow spinal root 
section, produce diffuse and unspectacular weakness because spinal 
roots of the limb areas supply antagonistic groups, and because no 
important limb muscle groups are supplied by only one spinal root 
Consequently, the function of the lunb as a whole has been a surpns- 
mgly good average indicator of the state of most of its constituent 
muscle groups Moreover, as was shown m Section 2, paralysed ani- 
mals have such a widespread distnbution of motoneuron damage m the 
entire motoneuron population, that it is hard to believe that any limb 
muscle group can escape some degree of injury, although some loss of 
function may be below the chnical threshold 
Nevertheless, of course, single muscles or muscle groups occasionally 
are hard hit by an unusual locahzation of neuron damage and destruc- 
tion, or conversely a muscle or muscle group may be spared to an un- 
usual extent In the monkey the muscles most commonly spared in 
otherwise completely paralysed limbs are the flexors of fingers or toe?, 
and a correspondingly intact group of motoneurons can be found in 
such cases in the posterolateral cell column in the two lowest segments 
of the spmal cord enlargements In several convalescent cases we have 
found such isolated sparmg of motoneurons of this group in the braclnal 
region to be associated with severe flexion contracture of the fingers, 
due to unopposed action of the flexor muscles Such contractures did 
not occur in arms corresponding to spmal cord enlargements in which 
this motor cell group was completely or almost completely destroyed 
It is interesting that Elliott (’45) has confirmed earher workers in 
describmg a pattern of neuron destruction m convalescent and chronic 
human cases m which the ventrolateral cell groups of the anterior horn 
are most commonly spared, and most constant mjury occurs in the 
region of the commissure and in the center of the horn (Blanton, ’17) 
Elliott, however, interprets this as indicating a concentnc spread of 
infection from a dorsomedial point in the cross-section of the spinal 
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cord From a study of acute cases as early as the preparalytic penod 
one arrives at a rather different interpretation of his findmgs Al- 
though we have observed a tendency for early inflammatoiy lesions to 
be located dorsomedially, especially in the vicinity of branches of the 
anterior spinal vessels, we have seen no suggestion m earhest pre- 
paralytic cases that the first neuron lesions are located dorsomedially or 
spread concentrically As was mentioned m Secfaon 1, the earhest 
changes in motoneurons, without surrounding inflammatory changes, 
may be seen at the lateral periphery of the anterior horn or m any other 
position Spread of virus seems to be so rapid and general that m the 
early paralytic period most antenor horn cells in the enlargements 
show evidence of infection Observations made m the chronic stage 
cannot reveal the generalized character of the infection m the moto- 
neuron population, smce remammg neurons are completely recovered 
as a rule and may seem not to have been involved 

In our convalescent and chrome cases the pattern of neuron de- 
struction IS quite variable, but there is a tendency for motoneurons m 
the periphery of the anterior gray columns to have a greater chance of 
survival Not only the ventrolateral group, emphasized by Elliott as 
preferentially spared, but also the most medial cells are more often per- 
sistent than centrally located cells m the anterior columns of the en- 
largements This IS also Horanyi-Hechst’s finding m an extensive 
study of human cases (’35) Moreover, the neurons bounding the en- 
largements m the longitudinal plane are also more resistant to destruc- 
tion than those m the limb areas, as is well known In the monkey, 
sacral, thoracic and upper cervical motoneurons are m this category 
(Pette, Demme, and Kornyey, ’32) EUiott’s concept of concentric 
spread of lesions from the commissural region must therefore be ques- 
tioned, since his findmgs mdicate only a tendency of preferential spar- 
ing of peripheral neurons rather than the direction of spread of the 
pathological process 

In many cases, not even the above-mentioned pattern of spanng of 
motoneurons is seen Frequently one observes severe destruction of 
lateral groups with complete sparmg of medial groups, and vice versa 
Moreover, in some cases foci of extensive cell destruction alternate 
irregularly with areas of sparmg, whereas m others a rather homoge 
neous destruction of nerve cells is seen with not a single large area of 
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motoneuron disappearance In such cases, there is no suggestion of a 
'‘pattern” of preferential cell destruction 

Fmally, it is problematical whether the tendency for greater paralysis 
of some muscle groups and more common sparmg of others can be 
correlated precisely with correspondmg tendencies for greater or less 
“susceptibility” m their motor nerve cell “groups” For example, a 
given proportion of motoneuron destruction m a functional group with 
high innervation ratio may produce a quite different result than the 
same proportion m a group with a low mnervation ratio When rela- 
tively few motoneurons supply a large muscle, destruction of a given 
proportion may denervate a relatively large mass of muscle, whereas 
equivalent destruction m a functional center suppl 3 ang a small muscle 
with a high innervation ratio would denervate a relatively small mass 
Moreover, the greater compactness of a functional motoneuron group 
may prejudice the chances for survival of a sufiSciently large number of 
cells of a functional pool to produce adequate function Unfortunately 
our knowledge of nerve-muscle relationships is not sufBicient to give all 
of these factors their proper weight m the determmation of the pattern 
of paralysis 

Dtstnbuhon of Lesions in Non-Paralytic Cases and in Monkeys 
Infected with “Mild" Strains 

In previous reports (Sabm and Ward, ’41 , Bodian and Howe, ’41a) 
the wide vanation m the extent of lesion formation m non-paralytic 
attacks of pohomyehtis has been descnbed In the mildest of such 
cases m the rhesus monkey not only may the cerebral lesions be more 
hmited than they are m paralytic cases but also lesions may be found 
m only a few segments of the spmal cord or may be quite absent m the 
spmal cord enlargements although present m the hmdbram (Bodian 
and Howe, ’41a, case A922, no lesions m cord segments C5 to Tl, and 
L4 to SI) This IS m stnkmg contrast with the paralytic cases de- 
scribed in this report, m which hardly a section m the cord enlargements 
was free of lesions As a matter of fact, most non-paralytic cases show 
as extensive distnbution of lesions m the spmal cord as do paralytic 
cases, and differ from the latter not m the number of motor nerve cells 
invaded but rather in the severity of the mjury to mvaded nerve cells 
and m the number destroyed Most non-paralytic cases and cases 
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With very slight weakness are indistinguishable, as far as cord pathology 
IS concerned, from the part of the cord of “severe” cases which supplies 
a spared extremity 

It IS mterestmg, moreover, that animals infected with “mild” poho- 
myehtis strains show a similar extensive distnbution of lesions and a 
high proportion of mvaded motoneurons For example, the Frederick 
stram, isolated from a human throat swab in 1944 m Baltimore (Howe 
and Bodian, ’47), exhibited the mildest paralytic cases in our experience 
in animals inoculated with virus from the first monkey passage These 
animals nevertheless showed lesions differing m no way from those of 
“severe” strams m extent of distribution or m character, except that 
invaded cells usually showed less severe cytopathological changes and 
fewer were destroyed Inflammatory changes were also much less 
severe as a rule, as might be expected with less cell destruction Yet 
m some sections all motoneurons on one side were destroyed, so that the 
local picture resembled that seen in animals with prostrating paralysis 
In one case (CS9) killed 4 days after shght paralysis was suspected in 
one arm and one leg, and showing no progression of paralysis, only 4% 
of the expected number of normal cells was found m a sample of 79 
sections through all segments of brachial and lumbar cord enlarge- 
ments Most of the motoneurons were m the stage of mild chroma- 
tolysis, (59% of remaining cells), and 21% of the expected number 
were destroyed (Plate 14) 

The extensive motoneuron mvasion with “mild” strains like the 
Fredenck agrees with the findmg that a pool of spmal cords from ani- 
mals inoculated with virus from the first monkey passage gave a titer 
of about 1 X 10-® m monkeys inoculated intracerebrally This com- 
pares well with the titers obtamed with pools of “severe” strains under 
the same conditions, and suggests that optimum virus titers, as well 
perhaps as virus dissermnation, m the nervous system is not dependent 
on extensive destruction of host cells 

DISCUSSION 

Cytopathological Changes in Motoneurons The finding of progressive 
chromatolytic changes in motoneurons m the acute stage agrees with 
earlier observations made by Hurst (’29) and others, m both monkeys 
and man Sabm and Ward (’41) have illustrated the probable se- 
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quence of changes m a manner similar to that shown m Plate 1 of this 
report, and from exammation of non-paralytic cases have suggested 
“that a cell attacked by poliomyelitis virus perhaps need not invariably 
be irreversibly damaged” The quantitative survey of accurately 
timed stages m the present study leaves no doubt that this occurs, and 
shows m fact that m some cases a high proportion of cells are chroma- 
tolysed and subsequently recover Of special mterest is the fact that 
cells which are chromatolysed by virus activity are either quickly de- 
stroyed during the first few days of the disease or undergo slower re- 
cuperative changes leading to complete morphological recovery in a 
penod of about 1 month Both Hurst (’29) and Sabm and Ward (’41) 
have commented upon the normal appearance of most nerve cells after 
this time, but our larger series of cases shows that this essentially com-' 
plete recovery of motoneurons is the rule Moreover, the stages of 
morphological recovery can be identified, using the Nissl substance as 
an mdicator, and studymg cell populations quantitatively in a sequence 
of clinical stages 

Companson of Humans and Chimpanzees with Rhesus Monkeys It 
is evident that numerous difficulties prevent an analysis of human 
material m as adequate detail as is permitted m experimental animals 
Among these, first of all, is the problem of determinmg the time of onset 
of pathological changes In monkeys the use of “severe” passage 
strams produces a fairly abrupt onset, so that it is possible to tune the 
early stages of the disease accurately (Bodian and Cumberland, ’47) 
The onset of the disease m humans is more often insidious, or of the 
“dromedary” type, and at times no dinical symptom clearly marks a 
definite stage of the histopathological process Moreover, the im- 
portant preparalytic stage, and the earliest paralytic stage, is not avail- 
able m autopsy material Fmally, autopsy material is often poorly 
presented, so that postmortem changes mask important cytopatho- 
logical changes 

In spite of the afore-mentioned difficulties, a study of the changes m 
human spmal cords as compared with those worked out m detail m the 
monkey has proved to be mterestmg and mstructive Our own avail- 
able matenal mcludes the spmal cords of 16 fatal human cases, pre- 
pared as much like our experimental material as possible Six of these 
cases showed such overwhelming destruction of anterior horn cells at 
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aU levels that they were of no value m studying sequential changes m 
these ceUs In the remaining ten cases the disease had had a duration 
of from 1 to 2 days in the earhest to about 8 to 12 days m the latest, 
and of these cases only about half showed relatively good postmortem 
tissue preservation 

Only outstandmg features of the histopathological process could be 
used to compare the disease with that m the monkey In the earhest 
human case available (H35) the disease had had a duration of only 1 
to 2 days before death ensued This case was mdistinguishable in 
essential particulars from monkey cases of similar duration The pre- 
dommant pathological stage m motoneurons consisted of diffuse 
_ chromatolysis, with many cells completely chromatolysed, necrotic, or 
undergomg early neuronophagia A similar sequence of changes m 
motoneurons m a child of 4 years who died 30 hours after onset of the 
disease was descnbed and well illustrated by Craw (’31) Three cases 
were available with a disease duration of about three days (H33, H36, 
H37) In all three cases there was definite recession of the destructive 
process, as far as the spmal motoneuron population was concerned 
Active neuronophagia was less conspicuous, and chromatolytic cells 
less numerous than m the earlier case In one of these cases, central 
chromatolysis, as well as diffuse chromatolysis, was seen m some of the 
lumbar segments 

It IS mterestmg that active neuronophagia was uncommon m aU five 
of the cases with a duration of disease longer than 3 days The pre- 
dommant pathological form seen among motoneurons m these cases 
was that of central chromatolysis, although numerous necrotic cells 
were also m evidence In the case with longest duration (H34), with 
disease onset about 8 to 12 days before death, the first paralysis was 
noted 5 days before death In this case, cells with typical central 
chromatolysis were abundantly seen, greatly exceedmg in number the 
pathological stage with next greatest frequency of occurrence, namely 
persistent necrotic forms Diffusely chromatolytic cells were infre- 
quent m occurrence, and not only neuronophagia but also the cell 
clusters which persist for a period after neuronophagocytosis has been 
completed were conspicuously absent The motoneuron lUustrated 
by Goodpasture (’41) well lUustrates this stage of the disease (central 
chromatolysis — &g 7, page 121) 



THE VIRXJS, NERVE CELL AND PARALYSIS 


61 


Although the pathological process m man, mcludmg the time course, 
IS remarkably similar to that m the monkey, certam important differ- 
ences were observed Except for the fuhnmating case (H35), the other 
human cases appeared to be older by one or several days than suggested 
by the time of recorded onset of paralysis This suggests that the 
pathological process in man as a rule does not start as abruptly as m 
severe monkey cases moculated with large doses of virus, but perhaps 
starts earher than indicated by the dmical history It is quite possible, 
for example, that the pathological process m the nervous system m 
man may begm at the tune of the first hump m “dromedary” cases 
In such cases the delay in onset of paralysis would perhaps mean a 
more gradual spread of the destructive process in the cord as com- 
pared with the more commonly fulmmatmg disease m artificially 
moculated experimental animals Moreover, the virus stram may 
play a determmmg role, smce even m rhesus monkeys the disease is 
more msidious m onset when “mild” virus strams are used than when 
“severe” strains are involved 

The impression was obtamed that m the human cases, as compared 
with monkeys, the motoneurons were more hkely to be completely 
spared if they were not destroyed This was suggested by an appar- 
ently greater proportion of normal cells m the early recovery penod, 
but the human cases were too few m number to permit safe generaliz- 
ation 

Our chimpanzee material exammed for companson with the rhesus 
monkey was not extensive, but showed close similarity to analogous 
cases of rhesus pohomyehtis (compare Plate 15, figs 1 to 6, and Plate 
8, figs 1 to 6) 

Companson of PoUomyeliHs with Other Neurotropic Virus Diseases 
Although extensive material was not available for comparmg the 
sequence of cytopathological changes m motoneurons in vanous 
neurotropic virus diseases, several mterestmg similarities were found 
For example, the rapidly appearmg and progressmg diffuse chroma- 
tolysis characteristic of early pohomyehtis is also found m rhesus 
monkeys mfected with equme encephalomyehtis virus, and with 
neurotropic yellow fever virus In all three diseases the diffuse chro- 
matolysis of Nissl substance is the first occurrence m spmal moto- 
neurons, and may often be unaccompanied by any inflammatory 
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changes m the vicinity The time course of diffuse and central chro- 
matolytic changes observed in pohomyehtis was also found to occur 
in essentially similar fashion in equine encephalomyelitis and in neuro- 
tropic yeUow fever, as is illustrated by the representative figures in 
Plate 16, figs 1 and 2, and Plate 17, figs 1 to 3 

Stahshcal Ftndtngs A surpnsmg finding m this study was the very 
high mcidence of pathological change in the motor nerve cell popula- 
tion, mdicating an almost universal dissemination of virus m the spmal 
motor cell population m paralysed mdividuals In 40 separate limb 
regions of 11 animals kiUed 2 to 5 days after onset of paralysis, the 
percentage of normal cells m motoneuron populations averaged between 
3 and 4% Of these limb regions, 7 supplied extremities either clmi- 
cally normal or showmg only mild paralysis, and these showed an 
average of about 10% of normal motor cells in the total cell popula- 
tions Five of these extremities were in animals killed on the 5th day 
and m which there was no possibihty of progression of paralysis These 
findmgs indicate that m some cases reversible changes may affect the 
majority of the motoneuron population Additional strong evidence 
m this regard comes from the finding that whereas normal cells mcrease 
from an average proportion of 4% to 50% during the first month after 
the height of paralysis, destroyed cells do not mcrease noticeably 
durmg this period In confirmation of the latter pomt, moreover, 
necrotic cells not yet absorbed are negligible in numbers after the 
third day 

Another important finding concerns the overall death rate of motor 
nerve cells m relation to the maximal degree of paralysis m the disease 
The average proportion of destroyed cells, we have shown, does not 
vary appreciably after the height of paralysis is reached (2 to 3 days 
after onset of paralysis) This proportion of the total motoneuron 
population IS about 47%, and represents also the grand average of the 
120 lim b populations exammed m this period Since, on the average, 
aU but 4% of motoneurons are mvolved in the acute stage, the average 
proportion of injured nerve cells which are destroyed, or the average 
“case fatahty rate”, is almost 50% The range m our senes of cases 
from the second to the fiifth day vanes from 12% to 91% One can 
therefore state that in this senes as a whole there was a 50% proba- 
bihty that an mvaded motor nerve ceU would be destroyed by virus 

activity 
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The finding of a generally high incidence of infection of motoneurons 
obviously mdicates that the disease is not necessarily arrested by 
failure of dissemmation of virus to the entire motoneuron population, 
smce the “exposure” of cells as shown by pathological changes is almost 
universal in some cases This finding also bnngs up the important 
but difiScult question of what factors produce the arrest of the disease 
in some motoneurons and not in others In the present state of our 
knowledge of the virus-neuron reaction, an adequate consideration of 
the factors which may determine cell death or cell recovery is impos- 
sible, but two lines of speculation suggest themselves First of all, it 
has been shown that experimentally mduced changes in the metabolism 
of nerve cells can greatly mcrease their resistance to destruction by 
poliomyelitis virus (Howe and Bodian, ’41) It is possible that varia- 
tion m the normal state of the susceptible nerve cell at the tune of 
infection may be sufficient to account for vanation m the outcome of 
mfection On the other hand, the rapid dechne of virus concentration 
m mfected spinal cord m the acute stage (Bodian and Cumberland, ’47) 
suggests the possibility that immune factors begin to operate early m 
the disease Smce the monkey motoneuron population mitially con- 
sists entirely of non-immune cell mdmduals, arrest of the disease by 
antibody factors would require a very rapid mobilization of such factors 
locally, perhaps in the nerve cell itself It is conceivable that vana- 
tions in the rate of virus multiplication or the speed of mobilization of 
such immune factors imght determme the outcome of cell infection 
Fmally, as was mentioned before, it is clear that variations m the 
properties of different virus strams, as well as host factors, play a role 
m this problem 

The high incidence of mfection of motor nerve cells m paralytic 
cases and the fact that second paralytic attacks may occur m mdi- 
viduals exposed to heterologous virus strams suggest too that it is 
possible for a recovered nerve cell to be re-infected by heterologous 
virus In several rhesus monkeys m which second paralytic attacks 
had occurred after an mitial attack with heterologous virus several 
months previously, and mvolvmg severe paralysis with atrophy of at 
least one extremity, we found extensive acute changes in motoneurons- 
We have also observed two mstances m which the second attack was 
non-paralytic, and m which widespread chromatolysis m motoneurons 
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gave conclusive evidence of a fresh mfection due to the second inocu- 
lation In such cases, the conclusion is inescapable that nerve cells 
previously uifected and recovered were re-infected by heterologous 
virus Presumably reinfection of cells with homologous virus is pre- 
vented by the presence of a correspondmg antibody “barrier” which 
precludes access of virus to the cell 
RelaUon of Changes in Motoneurons to Paralysis and Recovery In 
an earher report we have hsted several possible pathological factors 
which may be concerned with the interference with motor function ui 
pohomyelitis and with recovery (Bodian, ’46) It was shown that 
mterference with motor performance, especially precedmg the onset 
of lower motor neuron weakness, could be the result of severe lesions 
which frequently occur m bramstem centers Of these, the reticular 
formation damage is the most likely source of the spasticity which 
occurs in some cases, and the damage to the fastigial nuclei of the 
cerebellum, and to the associated vestibular nuclei, the probable source 
of the tremor and ataxia which are sometimes manifest In this report, 
we have dealt only with the two symptoms due to lower motor neuron 
injury, namely decrease of muscle power, which we have referred to 
as paralysis, and muscle atrophy It seems reasonably certain from 
the evidence now presented that the pathological and recovery changes 
in motoneurons alone can account for most of the paralysis and its 
early recovery, respectively Other factors probably play a secondary 
or even negligible role, although the possibihty that they play a greater 
role m special cases cannot be excluded from the evidence at hand The 
slow, but sometimes significant, mcrease of power in paralysed hmbs 
after the third month has not been studied m detail by us because of 
the small numbers of animals available Smce the morphological and 
probably functional status of the motoneuron population does not seem 
to change significantly after the first and second months, such recovery 
as occurs after this time probably is the result of slower compensatory 
changes in the entire neuromusudar mechanism In a small number 
of monkeys studied for as long as a year after onset of paralysis, the 
late recovery was regularly asociated with mcrease m siae of previously 
atrophied musdes Since this process is contmuous and apparent for 
as late as 1 year, it most likely represents a gradual compensatory 
hypertrophy of muscle fibers with mtact mnervation rather than the 
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result of reinnervation of denervated muscle fibers by compensatory 
bran chin g of survivmg motor axons, as postulated by van Harreveld 
(’45), and by Weiss (’46) 

Degree of Cell Injury in Relation to Functional State and to Virus 
Multiplication It is mterestmg to speculate on the possible relation- 
ship between the degree of cytological mjury and of functional impair- 
ment It IS probably safe to assume that many neurons quite devoid 
of Nissl substance are irreversibly mjured (“acidophihc necrosis”) and 
non-functional, especially smce their nuclei also show severe changes 
At the other extreme, it appears that motoneurons showmg early mdd 
chromatolysis may stiU be functionally mtact In several of our pre- 
paralytic cases the overwhehnmg majority of motoneurons supplymg 
an extremity showed rmld degrees of chromatolysis m the absence of 
chnical signs of weakness m the extremity Of greater mterest is the 
suggestion of our statistical analysis that, whereas neurons showmg mild 
chromatolysis are functional, those showmg severe chromatolysis are 
on the borderhne of function and lack of function Many which are 
functionless probably recover function durmg the first month or two 
This is not only apparent m the analysis of our paralytic cases, but 
explams the absence of weakness or very shght weakness m animals 
moculated with “mild” strams, yet showmg chromatolytic changes m 
over 90% of motoneurons of the hmb segments In such cases, smce 
virus titers m mfected cord may be as high as those m severely para- 
lysed cases, it IS probable that considerable virus multiphcation m 
mfected neurons need not result m ceU death although the host cells 
undergo reversible chromatolytic changes The difference between 
“rmld” and “severe” strams appears to reside only in the greater 
necrotizmg effect of the latter 

The progressive diffuse chromatolysis most likely represents an 
orderly process of regression of motoneuron functions, and smce it is 
the predommant visible cytopathological change m the preparalytic 
and early paralytic period, when virus concentration m the tissue 
mcreases most rapidly (Bodian and Cumberland, ’47), it may con- 
ceivably be associated mtimately with the actual process of virus 
multiphcation The fact that the Nissl substance is known to be com- 
posed at least m part of ribonucleoprotem (Landstrom, et al , ’41, 
Gersh and Bodian, ’43) makes this speculation especially attractive 
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Nevertheless, the progressive diminution of Nissl substance may also 
conceivably represent the results of a gradual deterioration of cell 
metabohsm due to the mterference of virus multiphcation with other 
cell functions Chart 5 illustrates the time course of changes m virus 
concentration, as previously descnbed (Bodian and Cumberland, ’47), 
and the association in time of stages m the cytopathological process 
which dommate at each period The fact that the greatest multiph- 
cation of virus occurs at the time when the predommant cytological 
change is that of early diffuse chromatolysis is suggestive After the 
peak of virus concentration is achieved, stages of “central” chroma- 
tolysis appear and gradually predommate over the “diffuse” chroma- 
tolysis characteristic of the earher period These stages of central 
chromatolysis are not only associated with reduction of virus activity, 
but also with cessation of increase of paralysis, and then with the early 
recovery from paralysis 

Persistent Perivascular Lesions The inflammatory changes m acute 
experimental pohomyehtis have been dealt with exhaustively by Hurst 
(’29) and by Pette, Demme, and Komyey (’32), and nothmg new has 
been added by this study It is mterestmg to dwell momentarily on 
the findmg of mcreasing size of perivascular lymphocytic mfiltrations 
m the subacute and convalescent stages Such mfiltrations sometimes 
reach massive proportions as late as the second month, often when the 
mterstitial mfiltrations no longer contain an appreciable number of 
these cells The penvascular “cuffs” are negligible m size, or absent. 


Chart 5 Schematic Representation of Sequence of Cvxopathoeogical 
Stages in Motoneurons in the Course of Destruction, and Those Chroma- 

TOLYZED BUT AbIE TO RECOVER 

The approximate time course of changes is shown, with a parallel curve showing 
the trend of rise and dechne of virus concentration in the rhesus spinal cord (from 
Bodian and Cumberland, ’47) Note that peak levels of virus concentration are 
attamed at the tune when the predommant stage of cell change in the motoneuron 
population IS that of diffuse cytoplasmic chromatolysis 

The curve is a partly hypothetical one, showing Lansing virus activity in the 
rhesus spinal cord The curve up to the thud day of paralysis is based on median 
values of several specimens of infected monkey cord taken at each time penod and 
titrated m mice The declme beyond the third day of paralysis is shown m a 
speculative way, and is based on the decreasing probabihty of obtaimng virus m 
concentrations infective by monkey passage 
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m most cases after the sixth month Warburg’s (’31) mterpretation 
of such persistent lesions as a sign of smoldering activity and therefore 
as an indication for prolonged bed rest must be considered with much 
reservation First of all, no evidence that such persistent lesions are 
associated with virus activity can be brought forward, whereas avail- 
able evidence mdicates that virus activity is negligible after the third 
week, if It persists that long Secondly, recrudescence of the d is ease 
at such a late date has not been observed in monkeys who are always 
active to the limit of their capabihty Another mterpretation of the 
increase of perivascular lymphocytic infiltrations m the subacute and 
convalescent stages is suggested by the findmg that local antibodies 
reach a high level in infected regions of the CNS at this tune, although 
relatively low in titer m the serum (Morgan, ’47), and by the recent 
evidence that lymphatic tissue is concerned m antibody formation 
(McMaster and Hudack, ’35, Ehnch and Harris, ’42, Dougherty, 
Chase, and White, ’44) It may not be too far-fetched to suppose that 
the reacting lymphatic tissue exhibits a continumg response m the 
subacute and convalescent stages to the antigenic stimulus of the 
acute stage, rather than bemg an “mflammatory” response to con- 
tinued virus activity This suggested significance of the delayed 
lymphocytic cufiing, however, can only be considered very tentatively 
until experimental evidence is available 

SUMMARY 

1 A description is given of the course of a poliomyehtic infection 
in the spmal cords of rhesus monkeys killed at mtervals from the pre- 
paralytic period to the chronic stage 

2 Cytopathological changes m motor nerve cells were studied quan- 
titatively to enable correlations with changes of virus activity on the 
one hand and changes in clmical motor function on the other 

3 The sequence of cytopathological changes in intracellular struc- 
tures IS considered Those occurrmg m the basophihc Nissl substance 
of the cytoplasm appear to be valid indicators of the functional state 
of the neuron Mitochondria and neurofibnls were found to be mor- 
phologically mtact except m necrotic cells It was found that axons 
degenerated between three and four days after cell body destruction, 
but usually not earlier than the third day This is the typical time 
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course of secondary degeneration, and indicates that the primary 
damage to motoneurons is m the cell body Nuclear changes were 
found to occur only after onset of cytoplasmic chromatolysis and are 
described The signs of irreversible nerve cell mjury are discussed 

4 The general features of the cellular pathological picture are de- 
scribed for stages of the disease from the preparalytic to the convales- 
cent periods 

5 The cytopathological changes m motoneurons were grouped m 
presumptive stages of regression and recovery and studied with respect 
to the changmg proportions of normal cells, abnormal stages, and 
destroyed cells m the motoneuron populations supplying smgle limbs 
Lunbs of aU grades of paralysis were studied, with the average of the 
order of “moderately severe” paralysis 

6 In paralytic animals it is shown that the process of nerve ceU 
destruction rapidly reaches a peak withm the first few days after onset, 
and shortly thereafter is neghgible m relation to the total ceU popu- 
lation 

7 In paralytic animals, also, it is shown that as a rule over 90% of all 
motoneurons m the limb populations are mfected durmg the first few 
days, as is mdicated by abnormal cytopathological changes m the cells 
This IS true of hmbs with mild or transient paralysis as well as those 
severely paralysed 

8 These changes first mvolve the Nissl substance, and are progres- 
sive in an orderly fashion until changes set m which senously mvolve 
nuclear structure Short of such irreversible changes, the cytopatho- 
logical changes m Nissl substance are slowly reversed durmg the course 
of 4 to 6 weeks, or less, so that after this tune most remammg moto- 
neurons are normal m appearance 

9 Statistical evidence from populations of motoneurons studied 
durmg acute and recoveiy periods mdicates conclusively that a large 
proportion of motoneurons mjured to the extent of severe loss of Nissl 
substance recover their normal appearance The proportion is greatest 
m hmbs with at least moderate paralysis, but is high m all but the most 
severely paralysed hmbs, m which httle function ever returns In not 
a smgle paralytic case between the second and seventh days of paral- 
ysis was there found more than 31% of normal cells, even m ceU 
populations supplymg hmbs with mmunal or no apparent paralysis 
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10 The relation between damage and recovery of the motor nerve 
cell population to motor paralysis and recovery is considered It 
appears that the degree of motoneuron destruction alone m a hmb 
motoneuron population can account for most of the weakness observed 
m the correspondmg limb m the period between 21 days and 3 months 
after onset of paralysis On the average, limbs graded as normal in 
this period had lost about ^ of their motoneurons, and those graded as 
completely paralysed stiU retamed about 10% of the motoneuron 
population 

1 1 The degree of weakness in the acute stage was greater than could 
be accounted for by nerve cell destruction alone, but evidence suggests 
that the discrepancy may be related to the absence of function m 
severely chromatolysed motoneurons which apparently later recover 
their function There is evidence that suggests that neurons showing 
mild degrees of chromatolysis are still functional m that state 

12 The distnbution of neuron lesions was almost universal m the 
nerve cell populations of aU four limbs m paralysed animals and m most 
animals with non-paralytic poliomyelitis This was also true of ani- 
mals mfected with “mild” strams and showmg very slight weakness 
No consistent pattern of cell invasion was found, but there was a sug- 
gestion that cells on the periphery of the anterior columns of limb 
enlargements had a better chance for survival Some of the factors 
which may be mvolved m determmmg the pattern of paralysis are 
discussed 

13 Evidence is presented which indicates that highest concentra- 
tions of virus are achieved in the anterior horn when the predominant 
pathological change in the motoneuron population is that of diffuse 
cytoplasmic chromatolysis of Nissl substance 

14 Perivascular lymphatic accumulations, occasionally with ger- 
minal centers, persist for months after acute neuronal changes, acute 
inflammatory changes, or evidence of virus activity can be found It 
is suggested that such persisting lymphatic tissue may be associated 
with the occurrence of local antibody 
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Explanation op Illustrations 

Except where otherwise noted, sections were prepared at 15 micra and stained 
with gallocyanin 

(Photographs were prepared by Mr Chester F Reather) 

Pi-ATE 1 Regressive Stages in Spinal Cord Motoneurons in 
Poliomyelitis Rhesus B12, First Day of Paralysis, X 480 

Fig 1 Normal anterior horn cell Note massive Nissl bodies in cytoplasm, 
central position of nucleus, large nucleolus, and dispersed chromatin 

Figs 2, 3, 4 Early regressive stages Note diffuse decrease m size of NissI 
bodies (chromatolysis), and nucleus essentially normal 

Fig 5 Severe diffuse chromatolysis, with only a few small masses of Nissl sut'i- 
stance in cell periphery Note clumping of chromatin in nucleus 

Fig 6 Complete dissolution of Nissl bodies m cytoplasm, which is slightly 
basophilic m staming Nucleus slightly shrunken and containing a small eosino- 
philic inclusion body 

Fig 7 Cell similar to that in fig 6, with further shrinkage of nucleus Note 
infiltrating “polyblasts” surrounding the nerve cell 

Fig 8 Completely chromatolytic cell with severe diffuse basophilia of cyto- 
plasm and of shrunken, distorted nucleus 
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Plate 2 Stages of degeneration of motoneurons during first da> of paralysis, 
showing destruction by phagocytosis (fig 1 to 4), by cytolysis (figs 5 and 6), and 
by vacuolation with absorption (figs 7 and 8) Figs 1, 2, 3, 5, 7, and 8 from 
rhesus B 12 Figs 4 and 6 from rhesus A696 X 480 

Fig 1 Intensely hyperchromatic cytoplasm and shriveled nucleus Such baso- 
philic cells are more commonly phagocytized than those which become acidophilic 
Note blood capillary enclosed by cytoplasm of cell 

Fig 2 Shrunken, hyperchromatic cell, with granular and vacuolated cvtoplasm 
and pyknotic nucleus Beginning neuronophagia by surrounding leucocytes and 
macrophages 

Fig 3 Active neuronophagja of necrotic cell 

Fig 4 Macrophages and gha cells at site of a completely phagocytized cell 

Fig 5 Complete chromatolysis, with no trace of basophilia in cytoplasm 
Such cells appear to be on the verge of “acidophilic necrosis”, or the cytolysis and 
vacuolation shown in figs 6 to 8 

Fig 6 Cytolysis of cell with shrunken nucleus showing a beaded, basophilic 
border After complete cytolysis, a punched out, fluid-filled cavity is left (“falling 
out”), which IS reduced in a short time by shrinkage and the infiltration of macro- 
phages, etc 

Figs 7 and 8 Cells in final stages of vacuolation, with surrounding and in- 
vading phagocytic cells 
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Plate 3 Degeneration oe Mitochondria in Poliomyelitis 

Fig 1 Anterior horn cell in stage of severe poliomyelitic chromatolysis, with 
eccentric nucleus (n) containing several inclusion bodies Note numerous granular 
and small rod-like mitochondria in cytoplasm (c) The pale larger masses at the 
edges of the cytoplasm are remaining Nissl bodies Rhesus B916, first day of 
paralysis Regaud, Iron-haematoxylm, In, X 1300 

Fig 2 Anterior horn cell in same section as fig 1, showing necrotic changes in 
nucleus (n) and cytoplasm (vacuolation, granular degeneration) No mitochondria 
or Nissl bodies visible in cvtoplasm (c) 




80 


DAVID BODIAN 


Plate 4 Degeneration of Motor Nerve Fibers in Poliomyelitis 
Protargol Stain, 15m, X 560 

Fig 1 Normal anterior spinal root of rhesus monkey, showing large and small 
axons of fairly uniform caliber Rhesus C888 

Fig 2 Emerging anterior root fiber m white matter of spinal cord of rhesus 
monkey on third da}'' of paralysis Note swelling and vacuolation of axon (ax) 
This represents the earliest degenerative change seen m our series Rhesus C947 
Fig 3 Sixth lumbar anterior spinal root of monkey with complete paralysis of 
left leg, showing severe degenerative changes of almost all axons m the root 
Fourth day of paralysis Rhesus C944 

Fig 4 Sixth lumbar anterior spinal root of monkey with complete paralysis of 
left leg, showing complete degeneration and absorption of all axons, with replace- 
ment by neurilemmal and fibrous tissue, 57 days after onset of paralysis Rhesus 
C437 
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Plate 5 Samples of the infrequently occurring motor nerve cells which persist 
after the acute period, although they show changes of a presumably irreversible 
nature (“necrotic”) * 

Figs 1 to 4, chimpanzee A434, 7 days after onset of paralysis, Fig 5, rhesus 
B32, 9 days. Fig 6, rhesus B35, 21 days X 480 

Fig 1 Motoneuron with eosinophilic, highly refractile cytoplasm, with 
shrunken and distorted cell and nuclear membranes 

Figs 2 and 3 Similar cells, but with strongly basophilic nuclei 
Fig 4 Markedly shrunken cell, with stiongly basophilic masses m nucleus and 
cytoplasm, surrounded by macrophages Normal internal structure is not visible 
Fig 5 Cell with distended nucleus, and glassy, eosinophilic cytoplasm, probably 
irreversibly damaged 

Fig 6 Motoneuron with glassv cytoplasm, and rim of basophilic substance, 
showing nucleus apparently verging on extrusion from cytoplasm (See also 
Plate 10, fig 1) 
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Plate 6 Early Preparalytic Poliomyelitis Rhesus A935 

Fig 1 Section of cord at fourth lumbar level, showing characteristic fully 
developed inflammatory lesions cc — central canal pr — perivascular infiltration 
around vessels m anterior fissure X 60 

Fig 2 Motoneurons also shown m box m fig 1 , at higher magnification Note 
early diffuse chromatolysis X 250 

Figs 3-5 Sections at distance of mm from section shown m fig 1 These 
sections, and adjacent ones, had no infiltrative cells m anterior horns Only the 
section shown in fig 5 had any infiltration in the entire section, and this was 
around the anterior spinal vessels The diffuse chromatolysis seen in the cells at 
the left was seen m these cells alone in their respective sections, and in all three 
cases was m the ventrolateral cell column X 250 
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Plate 7 Rhesus B338 Fifth day after onset of paralj'sis Senes of cells 
showing the transition from regressive changes (diffuse chromatolysis) to recovery 
stages (central chromatolysis) X 480 

Figs 1 and 2 Motoneurons showing the diffuse cytoplasmic chromatolj’sis 
characteristic of the acute stage 

Figs 3 and 4 Motoneurons showing a tendency for massing of Nissl substance 
near cell and nuclear membranes, and diffuse cytoplasmic basophilia Such cells 
are apparently transitional between those of figs 1 and 2, and 5 and 6 

Figs 5 and 6 Motoneurons showing central chromatolysis, with well-stained 
Nissl bodies and absence of diffuse basophilia Such cells are characteristic of the 
entire recovery period 
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Plate 8 Rhesus B32 Ninth Day after Onset of Paralysis x 480 

Fig 1 Severe central chromatolysis, with normal-appearing nucleus, and 
accumulation of heavy masses of Nissl substance near cell membrane Regenera- 
tion of Nissl substance may or may not occur near the nuclear membrane 

Figs 2 to 5 Similar cells but with small Nissl bodies in central area This 
appearance suggests regeneration of Nissl bodies from the periphery inwards, with 
the area around the axon hillock (ah) last to show recovery (figs 2, 4, and 5) 

Fig 6 Motoneuron of essentially normal appearance, except for presence of 
acidophilic inclusion body (b) in nucleus In the acute stage such inclusion bodies 
are seen only in cells with severe chromatolysis, suggesting almost complete re- 
covery of such a cell 
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Plate 9 Incompletela Recovered Motoneurons Inerequently 
Seen alter the Third Week x 480 

Figs 1 and 2 Rhesus B35, 21 days after onset of paralysis Central chroma- 
tolysis similar to that seen in Plate 8, with acidophilic inclusion body (b) in fig 2 
Figs 3 to 6 Rhesus B190, 35 days after onset of paratysis Motoneurons in 
late stages of recovery, but showing various signs of previous injury, fig 3, in- 
complete recovery of Nissl bodies in central area, fig 4, normal cell, except for 
acidophilic intranuclear inclusion (b), fig 5, cell with almost recovered Nissl 
bodies, but with bizarre basophilic intranuclear inclusion body (a), representing 
agglomerated nucleolus and surrounding chromatin, fig 6, otherwise normal cell 
with similar intranuclear formation 
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Plate 10 Rhesus B935, 7 days after onset of paralysis, showing the changing 
character of reacting non-neuronal cells after the acute stage Regaud, haema- 
toxylin-eosin-azure II, 7 micra, X 560 

Fig 1 Note absence of polymorphonuclear leucocytes, “rod” cells, or of the 
irregular “polyblasts” of the acute stage Spindle-shaped cells (h), probably 
histiocytes or microglia, dominate the scene, which also contains gha cells, and a 
few stray lymphocytes The moribund motoneuron in the center appears to be 
undergoing extrusion of its nucleus (n) 

Fig 2 Same section as fig 1 Note the mixed character of cells in the pen- 
vascular zone In this zone in the acute stage the cells are largely lymphocytic m 
type Histiocytes and macrophages are numerous, as well as lymphocytes and a 
few cells of the “stem-cell” type, with cytoplasmic basophilia Some of the macro- 
phages contain engulfed lymphocytes at this stage (m) The neuron at upper left 
IS quite abnormal in appearance and contains a basophilic intranuclear inclusion of 
the type shown in Plate 9, figs 5 and 6 
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Plate 11 Rhesus B190, 35 days after onset of paralysis, showing the second 
stage of lymphocytic perivascular infiltration in the early convalescent period, 
when lymphocytes are largely absent from the rest of the tissue 

Fig 1 Massive perivascular lymphocytic infiltrations, containing “germinal” 
centers (c) X 65 

Fig 2 Same at higher magnification showing area at lower left “Germinal” 
center contains stem cells and mitotic figures (m) X 270 



! I i.lf TI’. or T>'l 'OHNC HOPK'NS HCSPlw L 


PU*TE 1 



•. * V 



96 


DAVID BODIAN 


Plate 12 Normal rhesus lumbar cord, to show the sharp borders of the area 
containing the motoneurons of this segment of spinal cord X 20 
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Plate 13 The principal morphological stages of injured and recovering moto- 
neurons, during the first week of the disease X 250 

Fig 1 Rhesus B 12, preparalytic period Note the diffuse character of chroma- 
tolysis in the three motoneurons below The one at upper right is essentially 
normal 

Fig 2 Rhesus A794, third day after onset of paralysis Transitional stage, 
with motoneurons showing “new” granular Nissl bodies, and accumulation of 
Nissl substance near cell and nuclear membranes 

Fig 3 Rhesus B338, fifth day after onset of paralysis Early stage of central 
chromatolysis, with definite membrane accumulation of Nissl substance, and pale 
central zone of cytoplasm 

Fig 4 Rhesus B935, seventh day after onset of paralysis Typical central 
chromatolysis with “fillmg-in” of central cytoplasmic area by “new” Nissl bodies 
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Plate 14 Sections through lumbar cord of rhesus C59, inoculated \Mth mild 
Frederick strain, with transient paralysis after 17 days, and killed 4 days later 
Described on page 58 

Fig 1 Right anterior horn Note that all motoneurons show chromatolysis, 
although there is little inflammatory reaction X 125 

Fig 2 Left anterior horn, same section, shownng neuron loss, as w'ell as chroma- 
tolysis of remaining cells X 80 
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Plate 15 Chimpanzee A434, Seventh Day after Onset of Paralysis 

Figs 1 to 6 show a group of cells arranged m the sequence of increasing recovery 
from the chromatolysis of the acute stage Note the similarity to cells of rhesus 
monkey B32, shown in Plate 8 X 480 
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Plate 16 Rhesus C479, showing the acute stage of non-paralytic Western 
equine encephalomyelitis in the cervical spinal cord X 270 

Fig 1 Group of anterior horn cells showing either normal appearance or severe 
diffuse cytoplasmic chromatolysis Small acidophilic intranuclear inclusions are 
visible m the chromatolytic cells 

Fig 2 Neighboring section, showing characteristic inflammatory focus, with 
the same cell types seen in poliomyelitis A single necrotic motoneuron is seen (^), 
but most motoneurons show no changes, in contrast with poliomyelitis cases 
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Plate 17 Three stages showing the injury and recovery of motoneurons follow- 
ing non-paralytic infection with neurotropic yellow fever virus (17D strain) 
Toluidin blue, X 250 

Fig 1 Rhesus C481, two days after onset of disease Note the diffuse chroma- 
toh'sis of the two lower motoneurons, in the absence of inflammatory reaction 
Nuclei are normal 

Fig 2 Rhesus C480, five days after onset of disease Note the beginning 
membrane accumulation of Nissl bodies in motoneuron below and at upper right 
Nerve cell above in center shows intense basophilia of nucleus and cytoplasm, 
although morphologically almost intact Such cells were not frequent m 
occurrence 

Fig 3 Rhesus C482, eleven days after onset of disease Two large moto- 
neurons at right show tj'pical central chromatolysis, similar to that seen in polio- 
myelitis at this period in the disease Other motoneurons in the section resemble 
most motoneurons in the spinal cord in being normal in appearance 
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PROCEEDINGS OF THE MEETING OF THE JOHNS HOPKINS 

MEDICAL SOCIETY 

Held in Htjed Memorial Hall, April 12, 1948 

ELECTION OF OFFICERS FOR THE COMING YEAR 

Dr A McGehee Harvey was elected president and Dr Richard H FoUis was 
elected secretary-treasurer for the year 1948-49 

THE RELATIONSHIP BETWEEN INFLUENZA AND ACUTE 
BACTERIAL PNEUMONIA 

Conjitding Interpretations of Laboratory and Epidemiological Evidence De Alex- 
ander D Langmuir (Department of Epidemiology, Johns Hopkins Uni- 
versity School of Hygiene and Pubhc Health) 

During the 1928 pandemic of influenza, bacterial infections of the lung were 
known to have been unusually frequent and to have contributed substantially to 
the excessive mortality that was recorded During the eighteen epidemics of mild 
influenza that have occurred in the United States smee the pandemic, the existence 
of a defimte relation bet's! een the virus infection and a comphcating acute bacterial 
pneumonia has been less apparent 

Although each of these eighteen epidemics has been accompamed by a measur- 
able excess mortahty from pneumonia, such statistical evidence does not determine 
whether these excess pneumoma deaths resulted from bactenal mvasion of the 
lungs or merely from extensive virus infections Laboratory studies have not 
clarified the question completely The rarity of bacterial comphcations durmg 
localized outbreaks of influenza A and B has been emphasized on repeated occa- 
sions Studies of patients with acute bactenal pneumoma have yielded variable 
results Although relation between influenza and acute staphylococcal pneu- 
moma IS now well established, evidence of a similar relation vnth pneumococcal 
pneumoma is very limited 

An epidemiological study of the records of the pneumoma service at Bellevue 
Hospital, New York, is now m progress m collaboration with Dr Norman Plummer. 
These records comprise case histones of patients with pneumococcal pneumonia 
admitted between October 1920 and June 1932 Durmg this period, six epidemics 
of influenza occurred m New York City Durmg four of these epidemics, the 
Vicekly incidence of admissions for acute bactenal pneumonia mcreased sharply 
b> 50 to 100 per cent or more In the other two epidemics shght but less definite 
mcreases were observed 

This epidemiological evndence mdicates that durmg certam epidemics of influ- 
enza as much as 50 per cent or more of the cases of pneumococcal pneumoma may 
represent concurrent secondary bactenal comphcations of primary ■virus infections 

109 



110 


THE JOHNS HOPKINS MEDICAL SOCIETY 


Elucidation of this mechanism is one logical approach toward a better understand- 
ing of pandemic mfluenaa 

Demonstratton of Influenza V%rus Comphcahng Pneimococcal Pneumonia, 1946-1947 
Dr Thomas G Ward (Department of Bacteriology, Johns Hopkins Uni- 
versity School of Hygiene and Public Health ) 

Evidence presented herem suggests that mfluenza virus is one of the causative 
agents in cases of pneumoma previously considered primarily bacterial m origin 
Sputum was obtamed from 69 cases of bacterial pneumonia and studied for uiflu- 
enza virus by the chick embryo technique Of 33 cases occurring durmg non- 
influenza periods one yielded an mfluenza B virus Of 36 cases occurrmg durmg 
the period when mfluenza A was prevalent m Baltimore, 13 yielded mfluenza vmis 
which were serologically similar to mfluenza A strains isolated from clinical cases 
of influenza occurring at the samt time Acute and convalescent blood specimens 
were secured on S3 of these same cases, and a third specimen was obtamed about 
five months later on 25 Four cases showed evidence of positive hemagglutmation- 
mhibition antibody response but failed to yield virus Thus a total of 17 of 36 
cases (47%) of bacterial pneumonia occurring durmg an mfluenza A epidemic gave 
evidence, by virus isolation or serologic techniques, of the presence of influenza 
virus associated with bacterial pneumonia 

In addition, a total of 87 specimens of lung secured at autopsy were studied 
Two of mne cases whose death was attributed primarily to pneumonia yielded 
influenza virus Two of 28 cases whose prunary cause of death was complicated by 
pneumonia also yielded influenza virus No virus was secured from the remaining 
SO cases which presented no evidence of pneumonia Twenty-eight of these speci- 
mens were secured durmg the influenza epidemic in Baltimore, and none of these 
yielded virus 

To summarize, these studies demonstrate that influenza virus probably plays an 
etiological role in the production of bacterial pneumonia in man 

The Clinical Features of Pneumococcal Pneumoma Complicated by Influenza Virus 
Infection Dr Thomas E Van Metre (Department of Medicine, The 
Johns Hopkins Hospital) 

The preceding papers showed that influenza might coexist with bacterial pneu- 
monia Does influenza modify the course of concurrent bacterial pneumoma? 
The chmcal records of 49 non-fatal cases of pneumococcus pneumonia that were 
studied for the presence of influenza by Dr Ward have been analyzed In 18 of 
these cases influenza was present by the criteria previously discussed The 18 
cases with influenza showed no significant difference from the 31 cases without 
influenza beyond a higher mcidence of symptoms of influenza preceding or con 
current with the onset of pneumonia These findings concur with those of Finland 
on non-fatal cases of pneumococcic pneumonia complicated by influenza 
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The clinical and autopsy records on two fatal cases of pneumonia m uhich influ- 
enza virus uas isolated from tlie lungs were presented The first patient was a 
7-month-old, white, male infant who died in four days of a progressive tracheo- 
broncho-pncumonitis Tj^pe XI pneumococcus was present in the sputum, but 
there was no response to pcnicilhn and sulfadiazine At autopsy, a necrotising 
tracheitis and an interstitial bronchitis and pneumonitis were found, the picture of 
pure virus infection No bacteria could be stained or cultured Influenza B virus 
was isolated from the lung This case was interpreted as one m w'hich death w^as 
due to influenza virus infection 

The second patient was a 25 year old negress w'ho died in 32 hours of a lobar 
pneumonia involving RML, RLL, LLL, LUL, despite the fact that penicillin and 
sulfadiazine were started 12 hours after her first sjmiptom Type II pneumococcus 
was demonstrated in lung and nasopharynx Influenza A virus w'as isolated from 
the lungs At autopsy a typical early pneumococcal pneumonia involving all but 
the lung apices was found A very few gram-positive, encapsulated diplococci 
could be stained in the alveoli There were no lesions tjTiJcal of virus infection 
Moderate mitral stenosis was also found The presence of influenza A suggested 
that the virus might have been responsible for the fulminating course and the 
absence of response to adequate specific therapy for the pneumococcus 

Dr Wtlham B VandcGnJt WTiat was shown by bacterial stains of the lung in 
the second case? 

Dr Thomas E Van Metre Bacterial stains showed almost no evidence of bac- 
teria Only three or four gram-positive diplococci could be found in an entire 
section Culture of the lungs revealed a few' colonies of type 11 pneumococci 

Dr VandcGnft In the second case w'ere the lung lesions typical of vuais or 
pneumococcal pneumonia^ 

Dr Van Metre In the second case the lung lesions w ere tjpical of pneumococcal 
pneumonia 

Dr VandcGnft I disagree w ith the diagnosis of pneumococcal pneumonia The 
description and illustrations indicate a diagnosis of acute virus pneumonia They 
are quite similar to the changes in a case of mine who died two days after an exacer- 
bation with a spread to the left upper lobe Microscopic examination showed 
edema and infiltration with neutrophiles of the alveolar septae, fibrin lining of the 
ah eoli, and a \ ariable amount of purulent exudate in the alveoli w hich contained, 
in addition, edema fluid, macrophages and desquamated alveolar epithelium In 
the entire right lung and left lower lobe were the usual findings of acute bronchitis, 
bronchiolitis and infiltration of the peribronchial tissue with plasma cells, lympho- 
c\ tes and occasional eosinophiles 

Dr Van M ctre ^Vell, all that I can sav is that perhaps you hav e one of the cases 
that we are looking for Max be the findings in jour case and in the case under 
discussion are all that would be expected in an carlj case of influenza virus and 
pneumococcal pneumonia How e\ er, on review of sections of my case w ith people 
more expenenced that I — and sections were taken from all lobes — there v as nothing 
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that could be seen m that pneumonia that could not be seen m pneumococcal mfec 
tions We believe from the clinical and virological standpoint that the virus mav 
weU have played an important role I am delighted to hear that you have had a 
similar case 

Dr Amoli R Rtch I think the studies that the speakers have earned on are 
immensely important because, from the pathological side, we have difficultj m 
knowing ]ust what to think about the relation of influenza to pneumonia in non 
pandemic times Of course, during the pandemic influenza, the eflects of the vims 
were visible and were seen by everybody It was well recognized that the vims 
produced a mononuclear infiltration of the bronchial walls, and that the bacteria 
produced a purulent exudate in the bronchial lumen and in the alveoli The 
studies of Shope have, of course, shown that very beautifully m swine influenza 
too, and we are all familiar with the effect of another virus, that of measles, which 
also renders the body susceptible to bacterial pneumonia There, too, the walls 
of the bronchioles and bronchi are infiltrated with mononuclear cells, and we recog- 
nize that as characteristic of the virus, with the superimposed bacteria producing 
the purulent exudate Now the curious thing is that in non-pandemic influenza 
periods, even though influenza may be prevalent in the population, we very rarely 
see this bronchial infiltration with mononuclear cells in adults who die of pneu- 
monia It IS a rarity I think that the question arises right away as to whether 
the influenza viruses that are present in non-pandemic times are different from the 
pandemic virus in that they do not call forth the mononuclear infiltration of the 
bronchial walls, or whether the pneumonia that we see outside of pandemic influ- 
enza periods is pneumonia that is not assoaated with influenza 

In relation to Dr Langmuir’s studies, since influenza flourishes in periods in 
ivhich other respiratory and bacterial infections are common, I would like to ask 
whether it would be possible to set up curves, similar to the one showing a paral- 
lelism betwen influenza and pneumonia, for other infections and pneumonia 
Could the influenza-pneumonia correlation have been coincidence? 

I would like to ask Dr Ward how often the influenza virus would be found, 
during an influenza epidemic, in the sputum of individuals who didn’t have influ- 
enza The possibility of terminal aspiration of sputum must be borne in mind in 
relation to the isolation of influenza virus from the lungs at autopsy It is very 
common that a person who is dying aspirates his sputum When mfluenza is wide 
spiead in the population would it not be possible to find, in patients without influ 
enza, influenza virus in the lung that had been aspirated terminally? I think that 
is an important point 

Some of you may remember that last year Dr Ward, Dr Van Metre, and the 
pathology department, at a Monday Clinical Pathological Conference, went over 
some of these cases, and we were not able to reconcile, as well as we would like to 
have done, the pathological picture with the findings of the virus studies I repeat 
that the thing that bothers us is that in patients who died of pneumonia Moivuig 
the pandemic influenza mononuclear mfiltration of the bronchial walls was so 
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Widespread and so obvaous, and it is so obvious in relation to measles, which also 
predisposes to pneumonia, but m epidemic influenza periods, adults dying from 
pneumonia do not show it, and we would like to know why You have seen that 
m the adult case presented by Dr Van Metre Influenza virus was isolated in 
high titer, but tlie bronchioles did not show the mononuclear infiltration I think, 
from a study of the lesions m that case, that there is nothing there that one w ouldn’t 
sec in an early pneumococcal pneumonia uncomplicated by influenza Continued 
studies such as these will, I think, lead us to understand w'hat these discrepancies 
rcallj mean 

Dr Thomas B Turner I would like to make one or two comments which are 
somewhat tangential to the mam question under consideration First, I think it 
is ob\ lous that, using these biological tests in the isolation of influenza virus, it is 
not possible to isolate virus in fOO per cent of the cases in which it is present Sec- 
ond, two things of considerable interest w’ere referred to m passing Some of tliese 
isolations were made at mter-epidcmic periods We have all wondered what 
happens to influenza virus between epidemics, it is perfectly clear that the virus is 
present m the community in occasional cases in these mter-epidemic periods and 
that IS perhaps the way it is kept alive Further, a verj’ important aspect is tlie 
great variation in antigenicity of these different strains It is quite possible that 
the strains now' included in influenza are not by any means the best immunizing 
strains to use Perhaps after testing large numbers of strains one or tw o can be 
found whicli will be much more protective than the vaccine now available 

Dr Alexander D Langmmr Dr Rich has really put his finger on the toughest 
problem Certainly one simple explanation for the increase in pneumonia with 
each influenza epidemic might be coincidence if we didn’t have a considerable 
amount of other ev'idence to support a definite relation I think of meningococcal 
infections as another example of bacterial infection spread by the respiratorj' tract 
It has its own characteristic pattern It recurs in seasonal waves over a period of 
five or SIX j ears, in a wholly different manner from pneumococcal pneumonia, and 
with no relation to influenza epidemics I think of streptococcal infections, what 
little information w c hav e of tlieir mcidence is measured by scarlet fever Scarlet 
fever is a disease which occurs more frequently m the late winter and spring In 
certain areas — apparently unpredictably, maybe everj five, ten or twenty years — 
there is a rise w ith a rate four, fiv'e, eight, or ten times as high as in the preceding 
V ears, lasting for tw o or three years Then it declines This occurred in Baltimore 
and Washington during the war period, and the rates are now returning to a low 
level The epidemiological patterns of bacterial respiratorj- diseases are each 
distinct and different Onlj the pattern of pneumococcal pneumonia seems to 
bear a partial relation to epidemic influenza I do not bebeve coincidence is an 
adequate explanation of the epidemiological observations 

Dr Rich WTiat is the frequencj with which influenza antibody is found in the 
population m a non-influenza period’ 

Dr Laugn, nr It is a span It is a broad distribution from none to a v cr>' high 



114 


THE JOHNS HOPKINS MEDICAL SOCIETY 


titer This was shown at Fort Bragg before the 1943 epidemic of type A Samples 
were taken from normal soldiers from every area of the country There had been 
no epidemic since 1940-41 According to our laboratory techmque, about 38 
per cent of the bloods titered 1 to 16 or less, about 40 per cent titered 1 32, and 20 
per cent 1 64 or higher, something m that range After the epidemic we again 
through the spring of 1944, collected bloods for a variety of reasons, and some of 
those were tested A much higher level of antibodies was found Forty to SO 
per cent of specimens had titers 1 to 64 or more Apparently the antibody level 
m the whole country was raised There is no exact figure as to the number of 
individuals with antibodies in the general population It is rather a graded scale 
which vanes m relation to epidemics 

Dr Ward Dr Rich’s question regarding the sputum from cases other than 
pneumonia reminds me of Mrs Maxwell’s thesis which was written on this subject 
One section of that thesis is called “Defects of the Study ” She points out effec- 
tively, It seems to me, that what we really need m this particular study are two or 
three types of answer — the first, how much influenza virus is there among individ- 
uals who are well dunng an influenza epidemic? That question is unknown and 
cannot be answered, the second, how many cases of diseases other than pneumonia 
may show virus, is equally unknown The autopsy material does indicate that 
there isn’t as much as one might suppose Twenty-six of the lungs examined were 
from cases occurring during the influenza epidemic and none showed influenza virus 
We were able to test the nasal washings of 18 contacts of influenza and secured 
blood specimens from these individuals These contacts were interns, assistant 
residents and nurses on the wards where influenza cases were hospitalized From 
two of those individuals we secured virus A positive serologic response occurred 
in one of those two One of the questions Dr Fred Bang mentioned a few months 
ago m a similar seminar across the street bears along with Dr Rich’s and Dr 
Langmuir’s question How do you know if you tested you could not find other 
viruses, such as herpes? I don’t know — possibly you might To follow that 
along another step, if we had some techmque for measuring viruses which we think 
now produce mild respiratory diseases could we show that pneumococcal pneumonia 
was associated with these particular viruses in a certain proportion of cases? 

With regard to Dr Rich’s comment about mitral stenosis playing a part in the 
death of the second case I think it is of interest that Dr Taylor, in 1940, showed 
that if mice were infected with a sublethai dose of influenza virus and the virus was 
allowed to grow in the lungs for a couple of days, and then the lung was embar- 
rassed either by inoculation of sterile fluid or simply reanesthetizing the mice, 
death was produced in the mice He went on to postulate that what may be occur- 
ring in complex or mixed infections of influenza virus and pneumococci or other 
bacterial agent in man may be that the virus growing inside the cell produces no 
particular damage at that particular moment, but when the bacteria produce the 
edema fluid the virus is spread from one cell to another because the cell itself is 
embarrassed Here is a patient with mitral stenosis There is more fluid present 



PROCEEDINGS OF THE MEETINGS 


115 


than in a patient doesn’t have mitral stenosis We ha\e a virus in the lung 
Tliat \irus, therefore, following Dr Taylor’s thesis along, may be able to spread 
simply because of the edema fluid in the lung as the cells are “embarrassed” by that 
edema fluid 

In response to the aspiration question, I think it entirely possible that influenza 
\ irus ma> be aspirated into the lungs ]ust before death In one of the cases pre- 
sented tonight, E T , the lungs titer 10“* in chick embryos I beheve such a titer 
too high to be explained on the basis of aspiration alone 
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(These reviews represent the individual opinions of the reviewers 
and not necessarily those of the members of the Editorial 
Board of this Journal) 

Internal Medicine in General Practice, 2nd edition By Robert P McCombs 
Illus 741 pp $8 00 W B Saunders Cmn-pany, Philadelphia, Pennsylvania 
1947 ’ 

The doctor witli a large general practice is the busiest man in mediane He 
must, of necessity, see a great number of patients during the course of each day 
and seldom has time to sit and ponder over his problems Frequently these are 
not great, but in many instances he sees the beginnings of serious disease and more 
likely than not he must follow these through He must then be able to recognize 
them quickly and be competent to treat them On the other hand, he seldom has 
the time for extensive reading on new subjects or even for review of the funda- 
mentals of diagnosis For such a person this book cannot be too highly recom- 
mended It IS short, very much to the point, and clearly and interestingly written 
Stress IS laid entirely on diagnosis and treatment, and controversial points are 
bridged over or left to the specialist Many of the rarer diseases are only men- 
tioned in passing, but all the fundamental ones are stressed Especially helpful 
are the frequent summaries of differential diagnosis These are extremely well 
done and very helpful in the rapid diagnosis which must often be made There are 
also excellent summaries of the various important laboratory tests and aids with 
emphasis on the worth and hmitations of each 

Finally, there are the sections on therapy In this second edition, these have 
been brought up to date with the addition of the antibiotics and other newer drugs 
In addition to covering these, the author has done an excellent job of “debunk- 
ing” many of the drugs and compounds all too often and too freely used because of 
the persuasive hterature received in the mail This has been especially well done 
in the realm of vitarams and hormones 

In conclusion, this is a book which should be in every general practitioner’s 
hbrary By reading it he can, in a relatively short time, review the fundamentals 
of internal medicine and at the same time become famihar with the newer concepts 
of diagnosis and treatment 

W B B 

Selected Writings of Benjamin Rush, The Edited by Dagobert D Runes 
433 pp $5 00 Philosophical Library, New York, New York, 

A selection from the writings of so many-sided a man as Benjamin Rush is a 
promising undertaking The editor has grouped about forty of Rush’s lectures, 
pamphlets, essays, letters, etc , together under the mam headings of On Good 
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Government,” “On Education,” “On Natural and Medical Sciences,” “On Mis- 
cellaneous Things ” The section on natural and medical sciences is the longest one 
and includes, among other things, sections on psjchiatr>, a field in whicli Rush’s 
fame has been most enduring But even those chiefly interested in the phjsiaan 
Rush will welcome this opportumty of making the acquaintance of Rush tlie 
theologian, statesman, and educator For Rush’s versa tihty has made him not 
onh an outstanding figure in the political and civ il life of the j oung and struggling 
United States, but also one of the most fascinating examples of the “enlightened” 
doctor 

To the student of Rush, the present selection has the short-coming of giving the 
date but not the source of the pieces pubhshed An appended list of writings of 
Rush published during his hfetime is limited to mere titles and can, therefore, 
hardlj be considered a substitute An additional bibliographical list, however, 
lists a number of publications which arc helpful for further examination 

0 T 

Prachcal Physiological Chctmslry, 12th edition By Pinup B Haw k, Bernard L 
OsER, AND WiLiLVit H SuMMERSON' Illus 1323 pp $1000 The 
Blaktslon Company, Philadelphia, Pennsylvania, 1947 
Tins new edition of the former “Hawk and Bergeim” has the names of Oser and 
Summerson on the title page Drs Hawk and Oser are both assoaated w’lth 
Food Research Laboratories at Long Island Citv Professor Summerson is a 
member of the bio-chemistr) department of Cornell Univ ersity Medical College 
The preface by Hawk states that this edition “represents a complete revision of the 
subject matter of this book ” He states that “new sections have been introduced 
on the polarograph, on isotopes, on the sulfa drugs, on metabolic antagonists and 
antibiotics, on the Marburg tissue slice procedure, on the theorj^ and practice of 
photometric analv sis, on the electrophoretic fractionation of the plasma proteins, 
on the composition of foods, and on the various vitamins Also many new 
quantitativ e procedures for blood and urine analv sis have been added ” 
lliis V olume like its predecessors, is an excellent book to be kept at the elbow of 
anvonc performing chemical work in a biological field because it provides quick 
reference to a mass of chemical detail on dimcal-biological subjects in a readable 
form It prov ides specific procedures and presents a certain amount of chemical 
and biological background for them Considering tlie complex data in this field, 
the book provides onlv rather arbitrarv tests and reasons for same References 
and background cv idence arc not emphasised This means that the significance 
of the chemical steps or of the biological application must be sought largel) else- 
where It IS difiicult for the reviewer to make a statement about accurac} except 
to state that m previous volumes he has found rclativ civ few distinct errors 

F W B , Jr 
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Acute Bacterial Diseases, The By Haeey F Dowling Ulus 463 pp $6 50 
W B Saunders Company, Philadelphia, Pennsylvania, 1948 
Care and Managment of Laboratory Animals, The Edited by Alastair N Wor- 
den Ulus 268 pp $8 50 The Williams & Wilkins Company, Balti- 
more, 1947 

Clinical Diagnosis by Laboratory Methods By James C Todd, Arthur H 
Sanford, and George G Stilwell Ulus 954 pp $7 50 W B Saun- 
ders Company, Philadelphia, Pennsylvania, 1948 
Dissection of the Cat, The By Bruce M Harrison Ulus 109 pp $3 50 
C V Mosby Company, St Louis, Missouri, 1948 
Handbook of Treatment and Medical Formulary By Charles M Gruber 594 
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Human Physiology, 3rd edition By F R Winton and L E Bayliss Ulus 
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LECTURE 1 

THE ASSIMILATION OF AMINO-ACrDS 

Tlic growi-h of any cell involves an increase in its parts One of the 
most important constituents of the bactenal cell is protein and the 
growth of a bactenal cell involves the synthesis of a wide vanety of 
structural and functional proteins 'wntbin the cell Analysis of the 
ammo-acid composition of bacterial protems (1, 2) shows that these 
proteins resemble those of all other cells in bemg built up from some 
twenty-odd different ammo-acids Consequently the sjmthesis of 
protein by the grow ing cell requires the provision of all the necessary 
amino-acids in the correct proportions Such provision can be made 
in one of Iw o w aj s bj sjmthesis, or by assimilation of the ready-formed 
■substances from the cn\ironment The sjmthetic abilities of bactena 
can be tested b} in\cstigation of their nutntional requirements, and 
such in\cstigations reveal wide differences between various species and 
strains The autotrophic organisms can sunthesise all their ammo- 
acids from vciy simple inorganic substrates such as CO- and ammonia, 
=omc hcterotrophic bactena can sjnthcsise all their requirements from 
ammonia as N-sourcc and a single C-sourcc such as glucose but other 
Inctcna of the hcterotrophic group cannot grow unless thej are sup- 
plied with certain ammo-acids in the read> -formed state The s\n- 
llittic disability may be simple, such as that of LbcrlieUa lyplosa 

* Three Hcrlf Lecture- dcluc'cd at tbe Joh"s Hop! las Ho^p ul, March 22-2-5, 
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which requires tryptophan, or complex such as that of L cam or Strep 
haemolyhcus strams of which may require as many as 20 ammo-acids 
In these cases synthesis of certain ammo-acids is impossible and 
growth — t e protein synthesis— can occur only if the organisms can 
assimilate the essential ammo-acids from their external environment 
A number of workers have turned their attention to the problem of 
how these nutritionally-exactmg organisms have arisen Their present 
nutntional requurements restnct their habitat to environments rich m 
ammo-acids and, in many cases, growth factors, envnonments which 
are to be found naturally only in biological fluids Knight (3) and 
Lwoff (4) are among those who have suggested that the exactmg organ- 
isms have developed from non-exactmg ones, that if a non-exactmg 
organism assumes a parasitic existence or becomes estabhshed in a 
biological fluid then growth may occur more rapidly by the utilisation 
of essential substances already present in the environment than by 
synthesis of these substances, and that the abihty to S 5 mthesise such 
substances will then be gradually lost through disuse Weight is lent 
to this hypothesis by the demonstration that non-exactmg orgamsms 
can be derived from exactmg ones if the latter are treated to a process 
of attntion Thus if Eberthella typJwsa is sub cultivated senaUy into 
media containing progressively less and less tryptophan it wiU eventu- 
ally be able to dispense with added tryptophan and synthesise its 
complete requirement (5), while strams of Staph aureus initially need- 
ing ten or more ammo-acids can, by a similar process, be trained to 
synthesise all their ammo-acid requirements from ammonia (6) 

If the ability to synthesise an amino-acid is lost, then the organism 
must be able to assimilate that amino-acid in order to grow It is with 
this process of assmiilation that I wish to deal mamly today In es- 
sence the process involves the removal of an ammo-acid from the exter- 
nal environment and its passage into the cell into the region where its 
further metabolism may be accomplished 

The work started, as so much scientific work does, from an investiga- 
tion into a httle-related problem In the course of our studies at 
Cambridge into the ammo-acid metabohsm of bacteria, we found that 
some bacteria grown under certam conditions are able to produce en- 
zymes which quantitatively and specifically decarboxylate certam 
ammo-acids to their correspondmg ammes (7) These enzymes, which 
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can be prepared m a specific state and whose action can be studied 
easily by the manometnc method, provide an accurate and rapid 
micro-method for the estimation of their substrates (8, 9) In each 
case the enzyme will attack the specific ammo-acid substrate only pro- 
vided that tiiree polar groups are free the — COOH group, the alpha- 
ISIHs group, and a third polar group remote from the — COOH group 
attacked, m consequence the enzymes estimate the free ammo-acid 
substrate only We were usmg these enzymes to mvestigate the 
ammo-acid composition of a variety of bacteria by analysis of acid- 
hydrolysates of washed suspensions of the organisms concerned It 
occurred to us that a certam amount of free ammo-acid might m some 
cases be earned down from the growth medium either on the outside 
or within the cell suspensions and that this would invahdate values ob- 
tamed after acid hydrolysis To check whether this was the case, we 
divided our ceU-suspensions mto two parts, one of which was subjected 
to acid hydrolysis as usual and the other was dismtegrated by mechani- 
cal agitation with glass particles The two preparations were then 
analysed by the decarboxylase method Results fell mto two groups, 
m the first group, which comprised organisms such as Eschenchta coh 
and Aeroiacter aeiogenes, the amount of free amino-acid found m the 
dismtegrate was neghgible when compared with that obtamed after 
hydrolysis, m the other group, which comprised organisms such as 
Staph aureus and Strep faecahs, an amount of free ammo-acid was 
found m the dismtegrated cell which amoimted m some cases to as 
much as 50% of the total amino-acid hberated after hydrolysis 
The position is made clear by fig 1 In this case we take a thick 
suspension of well-washed cells of Strep faecahs grown m a casern-di- 
gest medium and use it as substrate for glutamic acid decarboxylase, it 
can be seen that the addition of the enzyme is followed by a small 
evolution of gas (carbon dioxide) which corresponds to free glutamic 
acid earned down with and on the outside of the cells durmg harvestmg 
and washmg If, however, an equivalent sample of cells is mechani- 
cally disrupted, then the glutamic acid assay is greatly increased This 

extra glutamic acid must be hberated by the disruption of the cell-wall 
Similar results are obtamed if the cell-wall is broken by heat denatura- 
tion or by treatment with detergent substances (10, 11) 

At this pomt it may be useful to define the terms m which concentra- 
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tions of ammo-acids, etc will be stated and discussed m these lectures 
AH estunations of ammo-acids have been made by the manometnc 
method m which the evolution of CO 2 equivalent to the amino-acid 
present is measured, consequently it is convenient to discuss the results 
m terms of the gas evolution m each case 1 e m ^tl This means that 1 
m mol of ammo-acid is equivalent to 22 4 X 10= M or, alternatively, 
concentrations can be converted to molecular quantities such as 
/zmols by division of the values by 22 4 


Soiled Cells 



Fig 1 Lecture I Action of glutamic acid decarboxylase on intact and dis- 
rupted cells (Sirep faecahs) Each estimation carried out on 60 mg dry weight of 
cells. 

The experiment just described demonstrates that cells of Strep 
faecahs contam free glutamic acid m their mtemal environment, 100 
mg dry weight of cells contain approx 170 /ul free glutamic aad 
Similar investigations with other enzymes of the decarboxylase senes 
show that the cells also contam lysme, histidine and ornithine in the 
free state within the internal environment but, m Strep faecahs, no 
free argmme or tyrosine The absence of these last two ammo-acids 
IS probably due to the fact that the cells possess enzymes which bring 
about their rapid decomposition — argmme dihydrolase and tyrosine 
decarboxylase Other ammo-acids almost certainly exist in the free 
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state within the cell but absence of suitable techniques for their esti- 
mation has made it impossible to mvestigate this possibihty up to the 
present A question that immediately arises is — can free ammo-acids 
be demonstrated within the mtemal environment of all cells? You 
will remember that, m the early investigations on ammo-acid composi- 
tion, some cells contamed free ammo-acids and others did not Conse- 
quently we started an investigation of a variety of organisms, they 
were aU grown m casem-digest (as a growth medium rich m free ammo- 
acids) with glucose and such specific growth substances as might be 
required by exactmg organisms, they were then well-washed and their 


TABLE 1 (Lecture I) 

Internal Concentrahon of Gltilamtc Actd 
Values expressed m glutamic acid (intemal)/100 mg cells 


Staph aureus 563 

820 

EscU colt 86 

0 

Staph aureus 6773 

635 

Esch coll EST 

0 

Siaph aureus D 

456 

Esch coll 7020 

0 

Strep faecahs ST 

230 

Aerobact aerogeues I 

0 

Sorana lutea 

225 

Aerobact aero genes II 

0 

M lysodetkltcus 

203 

N catarrhahs 

0 

L casciYCT 

174 

B brevis 

0 

Strep faecahs SF 

107 

Proteus vulgaris 

0 

Strep haemolyheus R 

99 

Ps pyocyanea 

0 

Cl sporogenes Bellette 

81 

Bact paracoli 6578 

0 

L dclhreuckii B 

80 

“Staph PT” 

0 

L beheticus B 

74 



B subtihs 

20 



B mesenicricus 

14 




lysme and glutamic acid content mvestigated before and after rupture 
of the cell-wall Table I shows results obtamed for the free glutamic 
acid content (12) The organisms fall mto two well-defined groups, 
those which possess free ammo-acids in the mtemal environment, and 
those which do not A further correlation is immediately obvious, all 
those cells m the first group are Gram-positive while those m the second 
group are Gram-negative and no exception to this rule has yet been 
discovered The abihty of the Gram-positive cells to accumulate free 
glutamic aad varies widely, withm our expenence the species which 
can, m general, effect the highest mtemal concentration of glutamic 
acid IS Siaph aureus At the other end of the scale we get organisms 
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such as B suUths and some of the Clostndm which contain small but 
still definite amounts of free glutamic acid within the cells The yeasts 
also Gram-positive, are interesting m that they accomphsh a high con- 
centration m the internal environment of all six of the amino-acids that 
we can study by this method But however it is grown or tested, and 
we have tried many things, it has not yet been possible to demonstrate 
any free ammo-acid inside the Gram-negative cell 
Most of the work I shall be describing to you has been carried out 
either Strep faecahs or with Staph aureus, both of which can effect 
a high concentration of both glutamic acid and lysine but, as we shall 
see later, apparently do so by different mechanisms The existence of 
the free amino-acid within the ceU in these cases enables us to investi- 
gate the metabohsm of that free ammo-acid by a study of the condi- 
tions which affect the level of the free amino-acid within the cell 
In the first place, the level within the cell depends to a certain extent 
on the level in the external environment The estimations descnbed 
so far were earned out on cells which had been grown in an external 
medium rich in amino-acids The quantity of amino-acid in the me- 
dium can be cut down considerably without preventing growth and a 
reasonable amount of organism can be obtained in a medium containing 
0 1% Marmite as sole source of ammo-acids Such a medium we call 
our “deficient" medium although it is not deficient in that any particu- 
lar growth essential is missmg — they are merely there in minimal quan- 
tities rather than in gross excess as in the casein-digest medium 
Strep faecahs cells grown m this deficient medium have much less free 
glutamic acid or lysine within the cells than when they are grown in the 
rich medium This then enables us to establish a useful technique 
by growmg our organisms in a deficient medium we can produce cells 
which possess little free ammo-acid in the internal environment, by 
t ak ing such cells and placing them m an external environment rich m 
free amino-acid we can investigate the conditions whereby such amino- 
acids pass across the cell-wall and accumulate withm the ceU Alter- 
natively we can grow cells in an amino-acid-rich medium, place them 
m an amino-acid-free environment and study the conditions under 
which the internal amino-acids will pass out of the cell 

Let us take the second case first, since it might affect the conditions 
of our estimations If we take cells containing a high internal concen- 
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tration of either lysme or glutamic acid and stand them in either dis- 
tilled water or a suitable salt solution at 0° or 37° then neither lysine 
nor glutamic acid can diffuse out of the cell unless autolysis takes place 
This holds true over the pH range 5 5-8 5 although some leakage oc- 
curs outside that range — possibly due to damage to the cell-wall under 
these conditions Our ammo-acid estmiations by the manometric 
method take about 15 mm so that the technique descnbed for the 
estimation of internal and external ammo-acids is not invahdated in 
any way by leakage across the cell-wall dunng estimation 

Now let us turn to the opposite aspect — the migration of ammo-acids 
from external to mtemal environment I mtend to deal with two 
ammo-acids only m detail — ^lysme and glutamic acid Substances can 
pass across a cell-wall by two processes, either by diffusion or as a result 
of an active process by the cell The evidence suggests that lysme 
passes across the cell-wall by diffusion while glutamic acid enters the 
cells as part of an active process (11) 

If cells deficient m lysine are placed m a solution of lysme in a salt 
medium, then lysme begms to enter the cell immediately the latter 
comes into contact with its new environment and enters the cell very 
rapidly until the new level inside is attained In the case shown the 
experiment was carried out at 10° and the new level within the cell is 
attamed vnthm 10 mm of contact The migration occurs equally well 
at 0° and is unaffected by any of the common mhibitors of metabolism 
such as HCN, lodoacetate, etc 

If deficient cells are placed in a solution of glutamic acid or gluta- 
mme, no entry into the cell takes place even at 37° over a period of 3 
hr If glucose is added to the external medium then fermentation 
takes place and glutamic acid (or glutamme) enters the cell until a new 
level m equihbnum with the external environment is reached Strep 
faccahs cells have restricted catabohc activities but can abo attack 
argmme by the enzyme arginine dihydrolase (13) and it appears that 
argmme can also act as a source of energy for the migration of glutamic 
acid although its efficiency as energy source is much less than that of 
glucose The migration m the presence of glucose is mhibited by 
lodoacetate or sodium fluonde m concentrations mhibitory to glycoly- 
sis Glucose can, under certam conditions, be substituted by adeno- 
sine-tn-phosphate as energy source 
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The difference between the two processes can be further shown if we 
study the rates at which the two amino-acids enter deficient cells 
The rate of entry of lysine is roughly proportional to the external con- 
centration over the range studied, whereas the rate of entry of glutamic 
acid reaches a maxunum when the external concentration approaches 
50 111 /ml The curve obtamed for glutamic acid is similar to that 
obtained for the variation of the rate of an enzyme reaction with sub- 
strate concentration while that obtamed for lysine is consistent with a 
diffusion process in which the driving force consists of the difference 
m concentration between internal and external environments 
The effect of temperature also differentiates the two processes The 
rate of entry of lysme mcreases hnearly with temperature and the 
temperature coefficient over the range 20-30° is 1 40 which is within 
experimental error of the value obtamed for the free diffusion of lysme 
The rate of entry of glutamic acid vanes in a completely different man- 
ner with temperature and the temperature coefficient of approx 2 over 
the range 20-30° is again typical of an enzymatic reaction 
It would be of considerable interest to know which ammo-acids other 
than lysine and glutamic acid enter the cell by diffusion or by an active 
process but we are at present handicapped in such a search by the 
absence of really suitable methods of investigation for most other 
amino-acids We can differentiate between those amino-acids which 
can pass mto washed deficient cells at 37° in the absence of a source of 
energy and those which can only do so in the presence of a source of 
energy such as glucose Histidme passes mto the cell to a hmited 
extent in the absence of glucose and to a markedly greater extent m the 
presence of glucose Aspartic acid, as judged by the rather non-spe- 
cific chloramme-T estimation, only enters the cell as a result of an 
active process Argmme cannot be shown to enter the Strep faecahs 
cell at all by this method— probably because argmme dihydrolase 
removes any accumulated excess Of the ammo-acids that we can 
estimate , only lysme appears to enter the cell by simple diffusion The 
same general findings hold good for Staph aitieus, lysme enters by 
diffusion, glutamic acid as the result of an active process In yeasts 
we find that all the amino-acids tested, mcluding lysme, can enter the 
cell only while glucose is being metabolised and all the ammo-acids, 
includmg argmme and tyrosme, accumulate at high concentration 
within the internal environment (14) 
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Returning again to Stiep faecahs we find that both lysine and glu- 
tamic acid enter the cell, under suitable conditions, until the mtemal 
concentration is markedly higher than that holdmg in the external 
environment By direct measurement of the volume of the cell and 
calculation of the free space withm the cell, we can get some idea of the 
ratio between mtemal and external concentrations In the case of ly- 
sme the mtemal concentration m Sirep faecahs vanes from 2-3 to 
15-20 tunes the external concentration over the range studied (25-400 
/il /ml ) , the lower the external value, the higher the relative concentra- 
tion withm the cell In the case of glutamic acid, the ratios reach 
50-60 m low external concentrations while the actual concentration 
within the cell may reach 0 %M glutamic acid These values may be 
considerably exceeded m the case of some strams of Staph aureus 
whicli have greater capacity for the mtemal concentration of glutamic 
acid and where an internal concentration of 0 ISM free glutamic acid 
has been measured and a ratio of mtemal to external concentration of 
400 obtamed 

The entry of both lysme and glutamic acid mto the cell is made 
agamst the concentration gradient Biophysicists tell us that there 
are two conditions under which such a migration can occur 

1 That the cell-wall is permeable to the substance concerned and 
that this IS held by electrical or chemical combmation on the side of 
greater concentration 

2 That the ceU-membrane is impermeable to the substance con- 
cerned and that migration across the membrane takes place m a differ- 
ent ph 5 '^sical or chemical state from that which accumulates on one side 

The evidence we have considered so far mdicates that lysme diffuses 
freely mto deficient cells but does not pass out of these cells if they are 
placed m a lysme-free medium Under physiological conditions lysme 
IS positively charged while the bacterial cell is negatively charged, 
consequently there is an electrical attraction between the cation and 
the cell It seems probable that lysme enters the cell by diffusion and 
is held therem by electrical combmation We have attempted to get 
some hght on this pomt by mvestigations of the electrophoretic mobil- 
ity of the cells m the presence and absence of lysme (15) and it has been 
possible to show that there is a definite decrease in the negative surface 
charge of deficient cells n hen brought mto contact with lysme 

However there is other emdence that the situation is not as simple 
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as this You Will remember that lysme enters the deficient Strep fae- 
cahs cell at 37° m the absence of glucose, if glucose is added to the 
system durmg assimilation then the entry of lysine is reduced and the 
level attamed within the cell may be reduced to 10% of that attained 
m the absence of glucose Likewise if cells saturated with lysme are 
incubated in water, no outward diffusion of lysine takes place, if how- 
ever glucose IS added to the external medium a rapid outward diffusion 
takes place until the internal level is adjusted to a lower level If the 
lysme is held within the cell by a negative charge, it would appear that 
the presence of glucose has had the effect of dischargmg the cell, elec- 
trokmetic measurements however show that the negative charge on 
the surface of the organism is not affected by the presence of glucose 
We do not know, of course, what is happening within the cell but it 
would seem that, if the lysine is m fact held by an internal negative 
charge, then that charge must arise from some specific centre — such as 
an ion which migrates out of the call dunng glycolysis — rather than 
the simple net charge on the cell as a whole 
If we study the effect of the pH of the external medium on the rate 
of entry of lysine into the cell, we get a curve showing that the rate 
mcreases with rising pH to the limit of alkah tolerance at pH 9 5 
Since the isoelectric point for lysme is 9 47 it appears that the ammo- 
acid crosses the cell- wall most readily m the isoelectric state The final 
concentration attamed within the cell is not markedly affected by the 
external pH, the level attained at an external pH 8 5 bemg 14% higher 
than that attamed at an external pH 5 0 It seems probable that 
lysme passes across the cell-wall m an isoelectric state but accumulates 
within the cell in the cationic state It is obvious that we need much 
more knowledge concerning the ionic balance within the cell and the 
ionic exchanges that occur durmg metabolism before we can obtain 
any true understanding of lysme assunilation 

If we turn to the assimilation and internal accumulation of glutamic 
acid, we have to admit that the position is even less satisfactory This 
amino-acid enters the cell not by diffusion but as a result of some 
energy-requirmg process The ammo-acid exists in an anionic state m 
physiological conditions and is therefore entenng the cell agamst the 
electrostatic gradient and against the concentration gradient Elec- 
trophoretic measurements show that the surface charge on deficient 
Strep faecahs cells is unaffected by the presence of glutamic acid either 
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alone or m the presence of glucose although assunilation will take place 
in the latter case These negative results lend weight to the electro- 
diffusion hypothesis for lysine assimilation where the addition of lysme 
IS followed by a definite reduction in the charge on the organism 
With Strep faecahs cells, the internal and external glutamate concen- 
trations are in true equilibrium as long as a source of energy such as 
glucose IS present i e if deficient cells are incubated in high concentra- 
tions of glutamic acid, then the amino-acid enters the cell until equihb- 
rium is estabhshed, if saturated cells are incubated in glutamic-acid- 
free media, then glutamic acid leaves the cell until equilibrium is 
established and, for a given external concentration, the same internal 
concentration is reached whether the amino-acid is passing mto or out 
of the cell No diffusion in either direction takes place m the absence 
of exergonic metabolism It would seem that we may have here a case 
where the cell-wall is impermeable to the substance concentrated within 
the cell — and, it may be, that the substance crossing the cell-wall is not 
glutamic acid itself 

The first possible migrant substance we tried was glutanune There 
IS a certain amount of evidence that this may be involved If the rates 
at which glutamme and glutamic acid pass mto the deficient cell are 
studied, then glutamine is often found to pass more rapidly while 
glutamic acid may show a short lag phase after mtroduction of the cells 
before it begms to enter the cells But glutamme again does not give 
rise to an internal concentration m the absence of glucose, in the pres- 
ence of glucose, glutamme and glutamic acid give rise to the same mter- 
nal concentration Estimations of the nature of the internal substance 
under such conditions indicate that it is a mixture of glutamic acid and 
glutamme containing 20-40% glutamme It has been sho%vn recently 
m this country by Waelsh ct al (16) that methionine sulphoxide com- 
petitively blocks the utihsation of glutamic acid by certain Lactohacilh 
and IS non-competitively neutralised by glutamme This suggests that 
methionine sulphoxide inhibits the formation of glutamme from glu- 
tamic acid Elhott (17) has now shown that the first stage in the 
sjTithesis of glutamme involves a phosphorylation of glutamic acid, m 
the presence of adenosme-tn-phosphate, and we (18) have show n that 
the cnzjmie concerned is competitively inhibited by methionme- 
sulphoxide 

The assimilation of glutamic acid by Strep faecahs requires glucose 
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but Will also take place if large amounts of adenosme-tn-phosphate are 
added (approx 30-50 molecules of ATP are required to promote the 
assimilation of 1 molecule of glutamic aad) Further, the assmulation 
m the presence of either glucose or ATP is competitively inhibited by 
methionme sulphoxide while that of glutamine is unaffected This 
clearly suggests some role of glutamme or a like substance m glutamic 
acid assimilation However glutamme itself still requires either glu- 
cose or ATP to migrate across the cell-wall and would appear to be 
ruled out as the migrant substance But a phosphorylated derivation 
of glutamic acid may be an mtermediate step in the synthesis of sub- 
stances other than glutamine - glutathione and vitamin Be conjugate 
appear probable for example Glutathione has been tested as the 
migrant substance but does not give nse to either glutamic acid or 
glutamme inside the cell and our knowledge of the impermeabihty of 
ceU-membrane towards acyl-phosphates would suggest that “glutamyl- 
phosphate’’ itself could not penetrate mto the cell There is, however, 
defimte evidence pointmg to the idea that a metabohte of glutamic acid 
IS the form m which this ammo-acid crosses the cell-wall 
However, when we try to extend these results to other organisms we 
find that we do not always get the same picture The process of glu- 
tamic acid assimilation m Staph aureus possesses several features which 
suggest that it is different from that m Strep faecahs Glutamic acid 
does not pass into deficient Staph aureus cells m the absence of a 
source of energy such as glucose In the case of Strep faecahs no 
leakage of internal glutamic acid takes place in the absence of glucose 
while, m the presence of glucose, there is a migration across the cell- 
waff. m either direction until equilibrium is established In the case 
of Staph aureus however there is a slow leakage of glutamic acid out 
of the cell m the absence of glucose and the addition of glucose checks 
rather than enhances this leakage — the picture being that the gly- 
colysis is holding the amino-acid inside the cell m opposition to the 
outward diffusion process rather than establishing a new equihbrium 
across the cell-wall In the case of Strep faecahs, methiomne sulph- 
oxide competitively inhibits the assimilation process, in Staph aureus 
it has no effect on assimilation even when present in a concentration 
200 times that of the glutamic acid m the external medium 
A possibility which we have not considered yet is that of ionic 
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exchange A secretion process may sometimes consist of the active 
transfer of one ion across a membrane to substitute for another ion 
of like charge which passes across the membrane in the opposite di- 
rection It may be that glutarmc acid passes mto the cell replacmg 
some other negative ion which passes out of the cell Hotchkiss (19) 
has shown that Sinph aureus cells accumulate phosphate within the 
cell in high concentration and that the amount of phosphate within 
the cell IS reduced if ammo-acid assimilation takes place He points 
out that dunng glycolysis an uptake of both nitrogenous and phosphate 
compounds takes place but that as more ammo-acids are added to the 
external medium — as the medium becomes more complete m the nu- 
tntional sense — then more mtrogenous matenal is taken up and less 
phosphate This might mean that glutamic acid, and possibly other 
ammo-acids, enter the cell in replacement of phosphate ions How- 
ever, phosphate is involved m so many reactions withm the cell and, 
as Mcllwam (20) has shown, glycolysis itself is mcreased after assumla- 
tion of glutamine so it is difficult to interpret these results with any 
certamty at present 

The last question with wffiich I wish to deal today is the nature of 
the boundary in the cell which holds the mtemal concentration of 
ammo-acid and maintams the difference m concentration between 
internal and external environments The work of Hotchkiss (21) 
on the action of the antibiotic T 5 T:ocidm and of other detergent sub- 
stances enabled us to obtain some information on this pomt Hotch- 
kiss observed that if cells of Strep faecahs or Staph aureus were 
treated with such detergents, then mtrogenous and phosphorus-com- 
pounds were hberated mto the external medium It seemed highly 
probable that the nitrogenous matenal hberated would mclude these 
ammo-aads which were held within the cell Fortunately it proves 
\er}’- easy to demonstrate this fact since the ammo-aad decarboxylase 
preparations are not inhibited by high concentrations of tyxocidm and 
other detergents 

This makes it possible for us to use the manometric method to 
stud}’ the action of tyrocidm a thick washed suspension of cells is 
placed in the mam cup of the manometer and glutamic decarboxylase 
added from one side-bulb at the beginning of the experiment \\Tien 
the external glutamic acid has been assa}ed and remoied, tyroadm 



132 


ERNEST EREDERICK GALE 


IS added from a second side-bulb and the release of glutamic acid 
from the cell can be seen to start unmediately The total mtemal 
free amino-acid can be judged from the assay with boiled cells and it 
can be seen that complete lysis occurs withm 5-10 mins of the addition 
of the tyrocidm (11) 



Fig 2 Lecture I Relation between quantity of tyrocidm added and amount 
of glutamic acid released from internal environment Dry weight of Strep faecahs 
cells assayed == 50 0 mg Temperature = 30® Manometer vessels made up with 
1 0 ml M/5-phosphate pH 6 0, 1 0 ml washed suspension of Strep faecahs cells, and 
0 5 ml glutamic decarboxylase (main compartment) with tyrocidm m side-bulbs 
Manometers allowed to equilibrate and liberation of external glutamic CO 2 to cease 
before time = 0 Curve 1 0 5 mg tyrocidm tipped at time =0 Curve 2 05 
mg tyrocidm tipped at time = 0, further 0 5 mg tyrocidm tipped at time = 
20 mm (arrow) Curve 3 1 0 mg tyrocidm tipped at time == 0 

A very interesting thing is the effect of detergent concentration, 
if an amount of tyrocidm is added equal to half that required to hberate 
all the ammo-acid, then we find that only half the total ammo-acid 
IS liberated — not, as one might expect, that all the ammo-acid is 
liberated at half the speed If we add a second quantity of tyrocidm 
after the effect of the first has finished, we find that the rest of the 
amino-acid is liberated These results can be correlated with viable 
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counts if an amount of tyrocidin is added sufficient to release all the 
amino-acid, then all the cells are killed, if half this quantity is added, 
then half the cells are killed From quantitative considerations it 
can be calculated that about 10® molecules of tyrocidin are reqmred 
to kill one Strep faccahs ceU 

The action of these detergents is apparently to modify the cell-wall 
in such a way that the concentration boundary is broken The 
electron microscope has long revealed that most bacteria have a de- 
finite cell-wall although this is not easy to demonstrate m some of the 
Gram-positive cocci However, electron-micrograph studies of Strep 
faccahs, Staph aureits and yeast cells before and after treatment with 
tyrocidin show clearly that the action of the detergent is to stnp off the 
outer cell-wall (22) The cells are not completely lysed as they retain 
tlicir shape and under the dark-ground appear httle altered apart 
from a shght change in the clarity of the outhne This suggests either 
that there is some containmg-membrane withm the cell-wall which is 
not broken by the detergent action, or, alternatively, that the cyto- 
plasm of the cell is in a gel form 

Phenol releases amino-acids from the cells in the same manner as 
tyrocidm although the action m this case is much slower and electron- 
micrographs agam demonstrate a stnppmg of the cell- wall after phenol- 
action We have endeavoured to determme the structure of the 
matenal stopped from the cell by phenol — usmg phenol since it is 
easily and quantitatively removed from the preparation by drying 
w vacuo The matenal obtained by phenol treatement of large 
amounts of Strep faccahs contams about 50% nitrogenous matenal 
consistmg largely of free ammo-acids released from inside the cell, 
some phosphorous-compounds also largely released from the cells 
and approximately 40% ether-soluble, saponifiable matenal which 
probabl}’- comes from the cell-wall itself 

To summarise our mam conclusions from the work studied so far, 
ve find that Gram-positive bactenal cells assunilate and accumulate 
certain ammo-acids in tlie free state isnthin the internal en\Tronment, 
that some amino-acids, notably lysine, pass mto the cell bj diffusion 
but others, notabl} glutamic acid, can only enter the cell as a result of 
an actue process, that the equihbnum concentration attained within 
the cell IS markedly greater than that holding in the external environ- 
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ment, and that this concentration gradient is maintained at the cell- 
surface by a cell-wall probably consisting largely of hpoid substances 
which can be dissolved away from the cell by certain detergent sub- 
stances 

In the next lecture, we shall proceed to discuss what happens to the 
glutamic acid after assimilation and concentration within the Gram- 
positive cell 
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LECTURE 2 

the intracellular utilization op glutamic acid and 
ITS inhibition by certain antibacterial agents 

Glutamic acid appears to occupy a key position m microbial me- 
tabohsm It forms the mam substrate for the transammase systems 
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demonstrated m bacteria (1, 2) and, as such, is involved in the s)ti- 
thesis of aspartic acid and alanme Bonner (3) has demonstrated by 
means of the biochemical mutant techmque that it is the biosjmthetic 
precursor of prolme, omithme, citrulhne and arginine m Pemalhum 
Sjmthesis of the L casci factor has shown tins to be pteroylglutamic 
acid (4) which is one of a group of substances, known as the folic acid 
complex, which differ from each other m the number of glutamyl- 
residues they contam, thus the casci “fermentation factor” is pteroyl- 
tnglutamic acid and vitamin Be conjugate contams pteroylhepta- 
glutamic acid Ratner, Blanchard & Green (5) have isolated a 
'peptide from yeast which contams p-ammobenzoic acid and 10 or 11 
glutamyl-residues m addition to an unidentified ammo-acid Glu- 
tamic acid forms part of the structure of Glutathione, discovered by 
Hopkins (6) and which has been demonstrated to act as a growth es- 
sential for N gonorrhocae (7) It is probably one of the constituents 
of Strepogenm (8) and forms 8-9% of the dry weight of bacterial pro- 
tem (9) 

In the first lecture I showed that glutamic acid is assimilated by 
Gram-positive bacteria and is concentrated m the mternal environ- 
ment There is no doubt but that the glutamic acid withm the cell 
must enter into metabolism of the cell and since our method of estuna- 
tion assays only the free unsubstituted ammo-acid, it follows that the 
level of glutamic acid measured withm the cell must represent a balance 
between the rate at m hich it is assimilated from the external environ- 
ment and the rate at which it is metabolised m the internal environ- 
ment If furtlier follows that if the cell is treated in such a way as to 
inhibit the mternal metabolism, then the level of glutamic acid will 
rise within the cell until it reaches the value "which represents true 
equilibrium \s ith the crternal environment 

Wffien a survey of the action on assimilation of a variety of anti- 
bacterial substances was undertaken, it -was found that the presence 
of ciy^stal XTolet, or other basic dyes of the tnphenjdmethanc series, 
resulted in a marked nse m the mternal le\el of glutamic acid during 
assimilation by "washed Sfrep faecahs cells under otherwise stand- 
ardised conditions 

The development of the dyes of the tnphenjlmethane series arose 
from a suggestion made by Paul Ehrlich, tht father of chemotherapj 
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and the first Herter lecturer He was struck by the specific staining 
affinities for particular tissues displayed by certain dye-stuffs and 
suggested that it should be possible to obtain dyes which would spe- 
cifically stain, and thereby inactivate, parasitic protoplasm without 
affectmg the host protoplasm The suggestion was followed up by 
several laboratones and led mdirectly to the development of the 
sulphonamides, through Prontosil, and to Bayer 205 (suramme) It 
did not reach any resoundmg success m the field of dye-stuffs proper 
although dyes of the triphenylmethane senes have had limited chnical 
apphcation 

The fundamental structure of the series is the tn-phenylmethane 
nucleus with either di- or tri-ammo-substitution, acidic derivatives 
havmg no antibacterial activity The carbmol base has no biological 
activity but if it is heated with hydrochloric acid, a qumenoid denva- 
tive IS produced which is coloured and has antibacterial action If 
the dye is reduced to the leuco-base, which is colourless, the activity 
IS lost Anti-bacterial activity thus appears to be associated with the 
qumenoid form and may be associated, as Kumler (10) has suggested, 
with the resonance that occurs m this form The sunplest dye of the 
series is p-rosamlme or tnammotriphenylmethane, substitution of 
alkyl groups m the ammo-groups leads to a senes of dyes of varying 
biological activity The first studies of the senes were by Kligler 
(11) who showed that the antibacterial activity increases as the degree 
of alkyl substitution increases Thus crystal violet with six methyl- 
groups IS about 100 times as effective as p-rosaniline with no methyl- 
groups, but the further substitution of a seventh methyl-group to form 
a quaternary-N compound, methyl green, results in loss of aU biological 
activity The varymg activities are shown in Table 1 for the case of 
Sirep faecahs as test organism, the mcreasing activity with increasmg 
alkyl substituion is shown for both tn- and di-aimno-tnphenyhnethane 
series, the most active dye of those tested is Bnlhant Green which 
contains four ethyl substituents 

Fig 1 shows the effect of crystal violet on the assimilation of glutamic 
acid by Strep faecahs cells The cells were grown and tested as I 
desenbed yesterday and the diagram shows the rate of appearance of 
glutarmc acid within deficient cells when brought into contact with 
a high concentration of glutamic acid in the presence of glucose with 
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or w ithout Crj stal Violet In the presence of the dye w e find tliat the 
rate of uptake is shghtly slower than in the untreated cells but that 
the final level is markedly higher m the dyed cells than m the untreated 

T\BLE 1 (Lecture II) 


Irhbilion cf grtmlli of Strep faecalis b} dyes of the Iriplcnyhncthanc senes 



— = no prow th 


cells The effect is not due to any alteration of the assimilation pro- 
cess i\hich has the same properties as before, nor is it due to micelles 
of d%c takmg glutamic and mechanically mto the cell since exactly 
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the same results are obtained by submitting the cells to the dye and 
washing them free from excess dye prior to the assimilation expen- 
ment Optimum effects are obtamed with an amount of dye which 
bears the same relation to the quantity of cells used, as the amount 
of dye necessary to inhibit growth bears to the inoculum m the growth 
tests The difference between the levels with and without dye may 


O 



Fig 1 Lecture II Effect of crystal violet (1/10,000) on assimilation of 
glutamic acid into the internal environment of deficient Strep faecahs cells Cells 
incubated at 37° in salt solution containing 0 5% glucose and glutamic acid (200 
fA /ml ) 

vary widely with the age of the cells, with cells harvested from a 
6-8 hr culture the dye-treated cells may attain an internal level some 
200-300% higher than the untreated cells (12) 

An increase in the level attamed during assimilation should indicate 
an inhibition of the metabolism of glutamic acid within the cell This 
can be checked as follows deficient cells are suspended in a solution 
of glutamic acid and glucose and incubated for an hour at 37° as usual. 
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but the glutamic acid content of the cells and the supernatant is ac- 
curatel> a'^sayed both before and after the incubation If this is done 
ISC find that there is no loss of glutamic acid dunng the expenment if 
glucose IS not present, i c if no assimilation takes place, but that, if 
gluco'^c IS present, then the amount of glutamic acid disappearing from 
the c'tcmal cn\nronment is markedly greater than that -vshich appears 
w ithin the cells In the case quoted, (12), of a total amount of approx 
1800 n) glutamic acid, 568 /il disappeared during the assunilation 
process It can be presumed that this glutamic acid has been metabo- 
lised in such a May that it can no longer be estimated by the decarboxy- 
lase method HoMCvcr if the experiment is carried out in the presence 
of Crj’stal Violet and glucose, then the amount of glutamic acid w'hich 
disappears dunng the assimilation is little greater than the experi- 
mental error 

The results can be checked by taking Slrep faccahs cells ivhich con- 
tain a large amount of free glutamic acid and suspendmg them in 
amino-acid free media, in the absence of glucose no change occurs, m 
the presence of glucose, glutamic acid passes out of the cell as de- 
<icnbcd before but assays on (cells -+• supernatant) show that there is 
a dusappearance, in the case quoted (12), of 107 jul of a total of 250 /il 
dunng the migration Agam if the experiment is repeated m the 
presence of Crj'stal Violet, the migration still occurs in the presence of 
glucose but tlie amount disappearing from the internal enxnronment 
IS equal, Mithin experimental error, to that appearing in the external 
medium 

It seems fairly definite that there is a metabolism of glutamic acid 
Mithin the cell and that this is mhibitcd by Crystal Violet xxith the 
result that there is a rise of free glutamic acid m ithm the cell 

\ou Mill remember that the triphenylmethane dyes x’^ary in anti- 
bacterial actixatx Mith structure, mc can determme their comparatixe 
clTccts on this metabolism by study^mg their effects on the level 
aclncv cd during assimilation Table 2 summarises x arious properties 
of the dy cs usuig Cry stal Violet as the standard for comparison It 
can be *^00 clearly that the effect on metabolism is closely parallel to the 
3nti-b'’ctcrial action as judged by the mhibition of growth, suggesting 
that the latter is related to the former It has often been suggested, 
since the biologically actixc form is the cation that the dyes xary in 
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efficiency due to varying ionisation with structure, it is certainly true 
that these dyes are all more effective m alkalme than acid media while 
acidic derivatives have no activity and are not fixed by the bacterial 
cells However, it can be seen that there is no correlation between 
the effect on the intact cell and the ionisation constant, and that 
the most basic of all the series, methyl green, is devoid of activity 


TABLE 2 (Lecture II) 
Properhes of Tnphenyhnelhane Dyes 


NAME 

1 

j SUBSTITUENT GROUPS 

i 

1 

1 

INHIBITION 

INDEX 

CV = 100 

ASSmiTA 

TION 

INDEX 

CV = 100 

PARTITION 
COEPPICIENT 
ISOBUT / 
WATER 

CV = 100 

pKa 

p-Rosanihne 

— NH 2 ,— NH 2 ,— AIH 2 

10 

4 

16 

7 57 

Fuchsin 

— NH 2 , — NH 2 

10 

25 

19 



— NH 2 , — CHj 





Methyl Violet 

— N(CH5)2 

1 

1 


1 



— N(CH3)2 

' 60 

85 

82 



— NH CH, 





Crystal Violet 

-N(CH,)2 






-N(CH,)2 

100 

100 

100 

9 36 


-N(CH,)2 





Malachite Green 

-N(CHj)2 

140 

120 

164 

6 90 


-N(CH,)2 





Brilliant Green 

— N(C2H5)2 

200 

143 

632 

7 90 


— N(C2H5)2 





Methyl Green 

— N(CH,)2 






— N(CH,)2 

<1 

0 

0 25 


— N(CH3)3C1 






on growth or metabolism When we remember that the metabolism 
IS mtracellular and that there is a cell-wall which contains a high pro- 
portion of hpoid, it seems more probable that the activity of the dyes 
wdl depend upon their abihty to penetrate the cell-wall As an mdi- 
cation of the lipoid-solubihty of the dyes, their partition-coefficient 
between isobutanol and water was determined, it can be seen that there 
IS a close correlation between the partition m favour of isobutanol and 
the biological activity 
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llic ncNt cjucstion Mhich arises is — ^\hat is the metabolism of glu- 
tamic and Mhich is inhibited by tlicse dyes withm the cell^ As mc 
have alrcadj <^ 011 , mc ha\c a m ide variety of reactions to test jMany 
Gram-ncgatnc organisms possess a glutamic dehydrogenase which 
oAuliscs the substrate to alpha-ketoglutaric acid The Gram-positivc 
cocci howcNcr do not appear to possess this cnz>mie, if they do its 
actiMl> IS so weak that it comes withm the e^erimental error of the 
test method A \aricty of organisms possess glutamic decarboxylase 
but this cn7jmc has not yet been found m either Strep faccahs or 
Staph aureus Lichstem & Cohen (1) have demonstrated that these 
organisms, and many others, possess a highly active transaminase 
oitalysing transammation between glutamic acid and oxalacetic acid, 
the enzyme can be obtamed m a cell-free state from Strep faccahs 
and Prof Gunsalus kindly gave us some to test wnth the triphenyl- 
methane dy cs the enzymie show’ed little senfeitmty to Ciy'stal Violet 
and significant mhibition was obtained '■with concentrations of dye 
100-1000 times those used m our metabolism Tests' 'it is of course 
diflkult to judge what the inhibitory' Concentration of the dye within 
the cell IS, but this seems well outside reasonable limits The growing 
bacteria must, of course, condense glutiimic acid into protem and into 
peptide structures of the folic acid and glutathione types, if this were 
the metabolism mvoUed here it should be possible to recover the dis- 
appearing glutamic acid by acid hy'drolysis The assimilation experi- 
ments with dyes are earned out with washed suspensions and we can 
find no CMdence of protein formation in such preparations Acid 
hy droly sis docs not lead to a recovery of the “lost” glutamic acid so 
it IS unlikely that protem formation is tlie reaction inhibited m these 
cxpermients That appeared to be the sum total of testable hypoth- 
c<^<;e at the tunc this work was ongmally' earned out and w'c had to 
fall b'>ck on the old cliche of "metabolic pool” to c' plain the lost 
glutamic acid Howc\er durmg 1947 Elliott (13) in Cambridge, and 
Sj>cck (I-t) working independently, discoeered that there is anotlier 
type of glutamic acid metabolism m\ oUnng phosphory lation When 
Kreb-; (15) was working on the synthesis and breakdown of glutammc 
m mammalnn tissues, he found tliat sy nthesis will occur only if energy 
i'' ‘-ujiplicd by <iome actmty such as glycolysis Elliott nov found 
that glutamine syntlicsis will occur if tissue extracts are incubated 
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With glutamic acid and ammonia in the presence of adenosine-tri- 
phosphate and that morganic phosphate equivalent to the glutamme 
IS liberated during the synthesis He has isolated the enzyme and it 
appears probable that the first step m the synthesis is a phosphorylation 
of glutamic acid m the gamma-position 

OH 


COOH 

1 

C0~0- 

II 

0 

CONH2 

1 

CHa 

1 

[ 

CH2 

I 

OH 

1 

CH2 

CHa -f ATP = 

[ 

CRo 

[ 

+ NH3 = 

1 

CH2 -f H3PO4 

CHNHa 

] 

CHNHs 


1 

CHNH2 

1 

COOH 

[ 

COOH 


1 

COOH 


In the presence of ammonia an interchange takes place between the 
phosphate group and ammonia to give glutamine with release of in- 
organic phosphate Ammonia is not however the only possible re- 
actant, m the presence of hydroxylamme, the hydroxamic acid is 
formed and this can be estimated colorimetncally We have not 
yet had tune to explore the fuU possibihties of this reaction although 
it may play a part m the formation of any y-glutamyl compound 
Elliott discovered the enzyme first m bram tissue and we then pro- 
ceeded to look for its presence m bacteria The work has not yet 
progressed very far but we have found a highly active enzyme in 
Staph aureus Washed suspensions of the organism have no activity 
but if the cells are mechanically dismtegrated the enzyme is released 
m an active state The bacterial enzyme has two mterestmg pro- 
perties first, it IS competitively inhibited by methionine sulphoxide 
and so provides a further example of competitive inhibition by metabo- 
lite analogues (16) Methionme sulphoxide was first reported by 
Waelsch et al (17) to act as a competitive mhibitor of the utilisation 
of glutamic acid by L arabinosus, since it was meffective in the 
presence of glutamme these workers suggested that it inhibited the 
formation of glutamme from glutamic acid and this suggestion has 
now been proved with the cell-free system The formation of the 
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hydroxamic acid is 72% inhibited by M/90 methionme sulphoxide if 
the concentration of glutamic acid is M/30 while a four fold mcrease 
in the glutamic acid concentration results m a 20% decrease m the 
mhibition by the same concentration of methionme sulphoxide 

Secondly, the enzyme system is sensitive to Crystal Violet The 
activity of the cell-free enzyme system was completely mhibited by 
a concentration of M/4,000 Crystal Violet (or 1/10,000 dilution) 
which IS the order of concentration necessary to mhibit metabolism 
m the experiments carried out with washed suspensions The in- 
hibitory concentration is critical as a further dilution to M/40,000 
renders the dye ineffective as inhibitor It will be of interest to de- 
termine the relative inhibitory activities of the various triphenyl- 
methane dyes on this cell-free system but we have not yet been able 
to do this as practical difficulties arise when the hydroxamic acid 
reaction is carried out in the presence of some of the dyes and we are 
awaitmg purification of the enzyme before proceedmg further with the 
quantitative aspects of the dye inhibition We do know that p-Ros- 
aniline is a much less effective inhibitor than Crystal Violet 

We still cannot state categorically that this enzyme which carnes 
out a phosphorylation of glutamic acid is necessarily the metabolic 
system which is mhibited by the dyes in the mtact cells and whose 
inhibition results in a cessation of growth All we can say is that this 
enzyme is one involved in the intracellular metabolism of glutamic 
acid and is sensitive to Crystal Violet m concentrations which prob- 
ably approximate to those holdmg withm the cells exposed to the dye, 
also that none of the other metabolic systems tested that might pos- 
sibly be involved are sensitive to Crystal Violet m concentrations of 
this order 

The work just described concerning the effect of dyes on assim- 
ilation and metabolism of glutamic acid proves the truth of the 
suggestion that a rising level mside the cell during assimilation may be 
due to mhibition of mtraceUular metabolism If we study the ability 
of Strep faecahs cells to assimilate glutamic acid with and without 
Crystal Violet at various phases of their growth, we get curves such as 
those shown m fig 2 The top curve represents the level obtamed in 
100 mg cells harvested at various times during growth when allowed 
to assimilate glutamic acid to saturation in the presence of Crystal 
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Violet The experiments are carried out with washed cells and the 
level obtained must represent the assunilation achieved m the absence 
of intracellular metabolism It can be seen then that the rate of 
assimilation is roughly constant throughout the growth period but 
falls rapidly after ceU-division has ceased This emphasises the 
necessity for usmg cells harvested durmg the growth period for experi- 
ments of this nature The second curve represents the level obtained 



Fig 2 Lecture II Internal concentration of glutamic acid in Strep faecohs 
cells at various ages of culture Curve 1 = accumulation within growing cells, 
2 = accumulation within resting cells, 3 = accumulation within resting cells 
treated with crystal violet, Curve 4 = growth curve 

With the cells in the absence of dye, in each case the level is determined 
by the balance between the rate of assimilation and the rate of metabo- 
lism, so the difference between the two curves is a measure of the rate 
of dye-inhibited metabohsm This appears to be maximal durmg 
the Imear phase of growth and to fall almost to nil soon after the 
cessation of cell-growth — as a routine measure we have used 6 hr 
cultures for aU these experiments 
In these experiments the cells have been grown in a medium con- 
tammg about 200 jul frce glutamic acid/ml , made mto washed sus- 
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pension and then allowed to reach assimilation equihbrium in a 
medium containmg 200 pi free glutamic acid/ml If we estimate the 
glutamic aad content of the cells directly on harvestmg we get curve 
1 which meets curve 2 at the tune when active cell growth finishes 
The lower level in growing cells as compared with washed cells equi- 
librated with the same external concentration of glutamic acid would 
lead us to expect that some form of internal metabohsm is taking place 
in the growmg cells over and above that in resting cells Remember- 


Strep Foecolis Stoph Aureus 



mg again that the levels indicated in this diagram represent a balance 
of rates it can be seen that this form of metabolism proceeds at its 
greatest rate m early cultures and ceases when growth ceases 
Fig 3 compares the types of curves obtained for Slre^ faecahs and 
Staph aureiis and it can be seen that there are large quantitative 
differences between the two organisms In Staph aureus the rate of 
metabohsm m washed cells is small compared with the rate of assimila- 
tion but the metabohsm m growing cells is more striking than that in 
Strep faecahs I shall show m a mmute that this new form of metabo- 
hsm IS protein synthesis and fig 3 shows that, m Staph aureus, the 
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rate of protein synthesis is nearly as great as the rate of assimilation 
in cells harvested during the early stages of growth but that, as growth 
continues, the rate of protein synthesis falls off in comparison with 
the rate of assimilation so that free glutamic acid steadily accumulates 
within the cells At the end of growth, protein synthesis ceases and 
nearly all the assimilated glutamic acid appears in the free state within 
the ceU 

The decarboxylase technique estimates only the free form of the 
amino-acid so, if peptide condensation takes place, the assay of glu- 
tamic acid will decrease Acid hydrolysis will however recover the 
free amino-acid again and render it estimable by the enzyme Table 3 

TABLE 3 (Lecture II) 


Free and Combined Glutamic acid content of growing Staphylococcus aureus cells 


AGE OF 

GROWTH 
(UG DRY 

\ 

GLUTAMIC ACID (jt} /lOO MG CELLS) 

CXTLTURE 

WEIGHT OP 
CELlS/ilL ) 

Free 

Total 

1 Combined 

Ratio 

Combined/Frce 

hr 

3 

n 

160 

Bi 

890 

5 58 

4 


188 

B^l 

793 

4 23 

4| 

Bob 

215 

B^l 

868 

4 04 

5 

BBB 

289 


827 

2 86 

6 


371 

1147 

776 

2 09 

7 


405 

1134 

729 

1 80 

H 1 

1 0 302 

405 

1003 

589 

1 48 


shows the results of glutamic acid assays on cells before and after 
acid hydrolysis When results are expressed m terms of 100 mg cells, 
it can be seen that the total glutamic acid content is constant whatever 
the age of the culture but that the free glutamic acid content rises as 
the culture approaches the cessation of growth — consequently the 
combmed glutamic acid decreases with increasing age of culture 
Referrmg back to fig 3 it can be seen that the difference between 
curves 2 and 1 can be accounted for in terms of combmed glutamic 
acid In the growmg cell the level of free glutamic acid is lower than 
that m the restmg cell, the diSerence m the two levels is due to the 
glutamic acid entermg mto protem synthesis and can be accounted 
for by recovery on acid hydrolysis This means, mcidentally, that 
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the reaction being studied m these curves is a condensation of glu- 
tamic acid mto protem as glutamic acid and not after transformation 
mto other ammo-acids The changmg conditions withm the cell 
are emphasised by the changmg ratio of total/free glutamic acid with 
agmg of the culture (18) 

External Environment wall Internal Environment 



Fig 4 Lecture II Assimilation of Glutamic Acid 


Fig 4 summarises the position we have reached at this moment 
Glutamic acid enters the cell as a result of an active process requirmg 
glycolysis or other exergomc metabohsm on the part of the cell to 
carry the ammo-acid mto the cell agamst the concentration gradient 
The level withm the cell is determmed by the balance between the 
rate at which the ammosacid crosses the ceU-waU and the rate at 
which it IS metabohsed withm the cell By a study of the effects of 
growth and of dyes, we have shown that glutamic acid undergoes at 
least two forms of metabohsm withm the cell, first, a direct condensa- 
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tion to protein within the growing cell at a rate which varies with the 
age of the culture and second, a form of metabohsm which is inhibited 
by dyes of the triphenyhnethane senes and which probably involves, 
as the first stage, a phosphorylation reaction It is obvious that the 
assimilation process followed by concentration m the internal environ- 
ment provides the cell with a reservoir of free ammo-acid for its 
anabohc processes 

I want to turn now to the effect of sulphonamides on the utihsation 
of glutamic acid Sulphathiazole m saturated solution has no signifi- 
cant effect on the level achieved withm the cell durmg assmiilation of 
glutamic acid by washed suspensions of either Strep faecahs or Staph 

TABLE 4 (Lecture II) 

Effect of Sitlphaihiazole on accumulation of glutamic acid in internal environment of growing 

Staphylococcus aureus 

All cultures inoculated at time 0 with same strain of Staph aureus and incubated at 
37°C Sulphathiazole added as below at 1 hr , all cells harvested at 4? hr and washed 
before assay 


StnPHATHIAZOLE CONTENT 

OF GROWTH MEDIUM 
(mg /lOO ML ) 

GROWTH AT HARVESTING 
(mo DRY WT CELlS/100 ML ) 

GLUTAMIC ACID IN INTERNAL 
ENVIRONMENT 
(HL /lOO MO CELLS) 

0 

0 146 

198 

1 

0 135 

280 

10 

0 121 

306 

100 

0 102 

325 


aureus, nor has it any effect on the glutamme-synthesismg enzyme 
As many of you will know, it is difficult to demonstrate an action of 
sulphonamides on Staphylococci growmg in peptone or ammo-acid 
media as the peptone and certain ammo-acids are antisulphonamide 
in action However it is possible to demonstrate a significant slomng 
of the rate of growth m such media by high concentrations of sul- 
phathiazole If we add sulphathiazole to cultures of Staph aureus 
when these are passmg out of the lag phase of growth, we get a slowing 
down of growth and table 4 shows that the glutamic acid level withm 
cells harvested a few hours later is significantly higher than that m cells 
from comparable cultures without sulphathiazole, further, the magni- 
tude of the increase is related to the concentration of sulphathiazole m 
the medium Fig 5 shows the same effect when samples are taken at 
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various tunes during the growth period and the rise of internal level 
in the early stages of growth compared with that m the culture without 
sulphathiazole can be clearly seen The rise of level withm the cell is, 
as we know, associated with inhibition of mtraceUular metabohsm 
Further we know that the difference between the level of free glutamic 
acid withm the growmg cell m early and late cultures, is due to the 


200 



Fig S Lecture II Eefect of Sulphathiazole on Accumulation of Free 
Glutamic Acid in Growing Staph aureus 
Curves 1 and 3 Glutamic acid accumulation and growth m absence sulphathia- 
zole Curves 2 and 4 in presence of 100 mg % sulphathiazole 


greater rate of protem condensation occurnng m the early cultures 
It follows then that the effect of sulphathiazole is to inhibit the conden- 
sation of glutamic acid mto protem and it can be shown that the ratio of 
total/free glutamic acid in the sulphathiazole-treated cells is much 
lower than usual for cultures of this age and approximates to that 
attamed m normal cells at the end of growth 
It IS not possible to state categorically that sulphathiazole mterferes 
with protem S3mthesis itself from these results as any reaction which 
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affected the rate of protein synthesis would have a similar result I 
believe it is accepted fairly generally that one primary reaction of 
sulphonamides is to inhibit the metabolism of p-ammobenzoic acid 
as first demonstrated by Woods (19) More recently we have seen 
that p-ammobenzoic acid forms part of the structure of pteroic acid 
and the folic acid complex, and Lampen & Jones (20) and also Woods 
[private communication] have shown that the synthesis of pteroyl- 
glutamic acid from p-ammobenzoic acid is competitively inhibited by 
sulphonamides It seems probable (21) that p-ammobenzoic acid 
may play rdles other than that involved as part of the folic acid complex 
m bacteria and a number of studies (22, 23) have mdicated that either 
p-aminobenzoic acid or folic acid is involved in the synthesis of some 
amino-acids, methionme in particular I showed just now that the 
reaction whose rate we study m these assimilation curves is that of the 
condensation of glutamic acid into protein, this necessarily involves 
condensation of other ammo-acids so interference with the synthesis 
of any other amino-acid mvolved in the protein synthesis would 
necessarily result in a slowing of the rate of glutamic acid condensation 
Consequently these results do not necessarily involve any new mecha- 
nism of sulphonamide inhibition but merely demonstrate one of the 
consequences of such inhibition 

However one of the amino-acids which has been reported to have 
an antisulphonamide action is glutamic acid and in the course of these 
studies we received the impression that the higher the glutamic acid 
content of the cell, the less susceptible to sulphonamide inhibition it 
became We confirmed this in the case of a strain which is fairly 
sensitive to sulphathiazole in the following manner a nutrient medium 
was prepared from casein-hydrolysate treated to remove vitamins and 
which was incubated with glutamic decarboxylase until all the glu- 
tamic acid was destroyed, this was then made up with a suitable salt 
mixture, glucose, nicotinamide and thiamine Graded amounts of 
glutamic acid were then added and the growth in the presence of 
sulphathiazole tested for each concentration Fig 6 shows that the 
presence of glutamic acid increases the sulphathiazole resistance, if we 
compare the effect of external glutamic acid concentration on mtemal 
concentration with its effect on sulphathiazole resistance, we can see 
that there is a correlation between the two curves which suggests that 
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the sulphathiazole resistance is determined by the internal concentra- 
tion of glutamic acid rather than the external concentration 

Fig 7 shows the accumulation of free glutamic acid within the cells 
of four str ain s of Staph aureus growmg under identical conditions 
m the same casem-digest medium The curves are all of the type with 
which we are now famihar, showmg a decreasmg rate of protein syn- 
thesis and consequent accumulation of free glutamic acid throughout 
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Fig 6 Lecture II Effect of internal concentration of Glutamic acid on (a) 
internal concentration of glutamic acid and (b) concentration of sulphathiazole 
necessary to give 90% inhibition of growth 


the growth period The four organisms differ in their sulphathiazole 
resistance Duncan and 156 are resistant to 10 mg % in growth in- 
hibition tests, 6773 is sensitive to 1 mg% and the resistance of 1560 
is mtermediate between the two, somewhere around 5 mg % These 
curves were determmed m the hope that they would reveal some differ- 
ence m the glutamic acid assimilation which could be correlated with 
the sulphathiazole resistances It is immediately obvious that it is 
not the rate of assimilation itself which is mvolved a measure of this 
IS obtained by the level at the end of growth when protem synthesis 
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IS over The rate of protein synthesis is determined by the difference 
between this final level (strictly speakmg, the final level determined 
in the presence of an inhibitor such as Crystal Violet but the differ- 
ence does not affect the argument m these cases) and the level at each 
age of culture, even in young cultures when the rate of protein con- 
densation IS greatest, there is no correlation between this rate and 



Fig 7 Lecture II Accumulation during growth of free glutamic acid in 
internal environment of 4 strains of Staph aureus of differing sulphathiazole sensi- 
tivity 

sulphathiazole resistance There is however one quantity which shows 
correlation with sulphathiazole resistance and that is the height of the 
level of free glutamic acid m the young cells, the resistant organisms 
have high levels at about the same value, there is very little free glu- 
tamic acid m the most sensitive stram, and the intermediate organism 
shows an mtermediate level It must again be emphasised that this 
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level represents the balance of the rate of assimilation over the rates 
of mternal metabolism and also represents the “dnvmg head” of glu- 
tamic acid within the cell at this age of culture As such it wiH effect 
by mass action any reaction involving glutamic acid as one of the 
reactants 

It IS tempting to wonder whether it is the synthesis of pteroyl- 
glutamic acid agam which is mvolved m the relation between glutamic 
aad and sulphathiazole resistance This pouit is now bemg mvesti- 
gated but msufGicient evidence has been obtained to enable us to make 
any definite statement 
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LECTURE 3 

TBE NATURE OP PENICILLIN SENSITIVITY IN STAPHYLOCOCCUS AUREUS 

The studies so far described on the assimilation and utihsation of 
glutamic acid by Gram-positive bacteria may be summarised in this 
manner Glutamic acid enters the cell as a result of an active process 
on the part of the cell and undergoes marked concentration dunng 
its passage across the cell-wall The maxunum degree of concentration 
attamable across the ceU-wall varies with stram and species, but the 
level of free glutamic acid measured within the cell depends upon the 
balance between the rate at which the ammo-acid is assimilated mto 
the cell and the rate at which it is metabolised withm the cell We 
have been able to identify a number of reactions gomg on mside the 
cell and all of these make it clear that the free glutamic acid accumu- 
lated withm the cell acts as the reservoir upon which the cell draws 
for its anabohc reactions The various inhibitors that we have studied 
m the last lecture had their actions on these mtracellular reactions 
and now, m this last lecture, I wish to turn to an inhibitor which has 
an action on the assimilation process rather than on the mtracellular 
utilisation 

The story of the discovery of pemcillm is too well-known to need re- 
countmg, and rates as a monument to scientific mternational co- 
operation and as the most beneficial accident ever to happen m a 
bacteriological laboratory Penicilhn is excreted by the mould 
Pemcilhum notatum and has very powerful bactericidal action on a 
variety of bacterial species, mostly belongmg to the Gram-positive 
group although the Gram-negative Neisseria are amongst the most 
susceptible organisms Although a vast hterature has accumulated 
concerning the production, chemistry, conditions of action and chnical 
apphcations of pemcillm, there has been comparatively little published 
on the mechanism of pemcillm mhibition Cham & Duthie (1) 
showed that whereas pemcillm has no effect on the respiration of rest- 
ing cells, its addition to growmg cultures of Staph aureus gives rise 
to a progressive inhibition of respiration until this eventually ceases 
altogether The fact that pemcillm will act only on cells m a growing 
state was clearly demonstrated by the findmg that a bacteriostatic 
agent such as helvolic acid will protect the cells against pemcillm 
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whereas sulphonamxdes, which do not exert their action until the cells 
have undergone several divisions, have no such protective action 
These workers also found that if peniciUm is added to a growing culture 
in the lag or logarithmic phase then growth contmues to the extent of 
not more than one division per cell, after which cell-division ceases 
although mcrease m cell size without division may then take place 
Cessation of growth is followed by a fall m both viable and total counts 
and general lysis may take place after a period of some hours Hirsch 
(2) workmg mdependently at the same tune found smiilar effects upon 
the respiration of Staph aureus — a progressive fallmg-off m the respira- 
tion after penicillm addition to growmg cells but not to restmg cells — 
and suggested that the action of pemcdhn is to produce a degenerative 
change which results m the production of a sterile generation of cells 
Krampitz & Werkman (3) have shown that high concentrations of 
penicdlm will mhibit the dissimilation of ribonucleic acid added to 
suspensions of Staph aureus and will also inhibit the endogenous break- 
down of ribonucleates while having no effect on the metabohsm of 
desoxyribonucleates 

Fig 1 shows the effect of the addition of various concentrations of 
penicillm to growmg cultures of Staph aureus If the increase in 
bacterial substance is followed turbidunetricaUy we find that growth 
contmues at the normal rate for about 30 mms after the penicillm 
addition and the rate then falls off and stops after a tune which depends 
to a certam extent on the concentration of penicdlm used The addi- 
tion of 10 units peniciUm/ml brmgs growth to a stop withm 90 mm 
whereas 0 1 units/ml takes 2§-3 hr to become completely effective 
Since we require a reasonable quantity of organism for estimations of 
the nature discussed m these lectures we cannot work with organisms 
harvested durmg the very early phases of growth and, m general, it 
has been the custom to add penicdhn at about the third hour of growth 
and harvest at the 4th or 5th hour Fig 2 shows what happens to the 
accumulation of glutamic acid withm the cells of a culture of Staph 
atireus grown m a casem-digest medium In the absence of penicdlm, 
the free glutamic acid content of the cells shows a steady mcrease 
throughout the growth period, as shown m the last lecture If pem- 
cdlm IS added to the culture at the 4th hour of growth, the accumula- 
tion of free glutamic acid contmues almost at the normal rate for 
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approximately an hour and the level then falls dramatically, finally 
coming to a new steady value at about the tune that growth is com- 
pletely inhibited 

The work we have discussed so far has demonstrated that the level of 
free glutamic acid within the cell is determined by the balance between 



Fig 1 Lecture III Effect of Addition of Penicillin to 
Growing Cultures of Staph aureus 


the rate of assimilation and the rate of mternal metabolism The 
addition of penicilhn to the culture is followed by a rapid falhng of the 
level withm the cells, in agreement with our hypothesis it should there- 
fore follow that penicillin either promotes an increase in the rate of 
internal metabolism or, alternatively, produces an inhibition of the 
assunilation process It is possible to investigate the latter suggestion 
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by the method outlmed in the first lecture of this series if the organism 
IS grown m a deficient medium, then mcubated in a salt medium con- 
taming a comparatively high concentration of glutamic acid and 



Age of Culture — Mrs o! 37* C 

Fig 2 Lecture in Effect of addition of penicillin to growing culture of 
Staph aureus on the internal accumulation of glutamic acid 

glucose to provide energy for assimilation, the cells will take up glu- 
tamic acid until the new equihbnum between mtemal and external 
environments is estabhshed The rise m the mtemal level under 
standard conditions of tune and external mvironment can then be 
taken as a measure of the assimilation abihty of the cells Table 1 
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shows the amount of glutamic acid assundated by 100 mg cells grown 
under various conditions and tested in this way PeniciUm was added 

to the culture at the 4th hour as usual and portions of the culture 

together with similar portions from a control culture without peni> 
cdhn — removed at intervals after the addition In the control culture, 
the abihty to assundate glutamic acid is approximately constant (be- 
tween 600 and 700 fil/100 mg) over the period exammed In the 
culture to which 10 units penicdhn/ml has been added, the abdity 
to assimdate is reduced to 14% of the control withm 30 mm , to 4% 


TABLE 1 (Lecture III) 

Rffect of the presence of pemctlhn during growth on the asstmtlahon of glutamtc actd by 

Staphylococcus aureus 


Cells grown in a deficient medium and penicillin added in a 11 cases after 3^ hr growth at 
37°C Cells harvested at various times after the penicilhn addition, incubated for 1 hr 
at 37°C m glutamic acid (200 /il /ml ) and glucose (0 5%) and the increase in the internal 
glutamic acid content (expressed as per 100 mg cells) determmed 




GLUTAUIC ACm ASSBIILATED/100 MG CELLS 


CONCENTRATION 
(UNITS/ltt ItEDIUU) 


Tune of harvesting after penicillin addiUon 


30 jnia 

1 hr 

3} hr 

2 hr 

3 hr 

0 

561 

702 

602 

590 

614 

0 1 

— 

— 

— 

130 

— 

0 5 

1 

1 

— 

113 

— 

1 0 

— 


87 

— N 

0 

5 0 

— 

1 

0 

— 

0 

10 0 

82 

31 

0 

0 

0 


Within 1 hr and after 1| hr assundation is no longer possible Smaller 
concentrations of pemciUm have the same effect of blockmg assunda- 
tion but take longer to become completely effective If we compare 
the impairment of assimilation with the impairment of growth, we 
can see that there is a close correlation between the two effects (4) 
It IS important to discover to what extent this effect on assimilation 
is symptomatic of a general metabolic impairment Table 2 shows 
the general metabolic activities of cells harvested from a culture which 
has grown m the presence of 10 units penicilhn/ml for 90 mm when 
compared with the activities of cells from a control culture without 
penicdlm The respiration is shghtly below normal but the difference 
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IS witlim experunental error — consequently the respiratory failure 
demonstrated by Chain & Duthie, and by Hirsch, has not yet set in 
The oxidation of glucose and its fermentation are normal, conse- 
quently the impairment of assimilation is not a secondary effect due to 
impairment of the energy system The assimilation of lysme is nor- 
mal, you wiU remember that this process differs from the assimilation 
of glutamic acid m that it appears to be a purely physical process, the 
performance of which depends upon the mtegnty of the ceU-wall, 
this result therefore demonstrates that no significant degree of lysis 
can have occurred m the cells at this stage The assimilation of 
glutamic acid is completely blocked and the viable count is about 2% 

TABLE 2 (Lectobe m) 

Melahohc aclimties of normal Staphylococcus aureus cells and of cells grown tn presence of 

penicillin 

"Penicilhn cells” grow n for 90 mm m medium containing 10 units penicillm/ml 



NOSMAt CEILS 

“penicillin 

cells” 

Respiration Qo, 

21 5 

19 6 

Glucose oxidation Qo, 

86 5 

84 5 

Glucose fermentation QCOj acid 

96 

108 

Lj sine assimilation 0*1 /lOO mg ) 

90 

96 

Glutamic assimilation (^1 /lOO mg ) 

602 

0 

Comparative viable count 

452 

9 


that of the control It is important to notice that none of the reactions 
discussed, mcludmg glutamate assimilation, are affected m washed cells 
by the addition of penicilhn even m concentrations of the order of 
50 umts/ml The blockmg of glutamic assimilation occurs only if 
the cells are grown for a short period m the presence of penicillm and 
so can agam be correlated with the known antibiotic effects of peni- 
ciUm on growmg but not restmg cells 
We now know of four effects produced by penicillm on growmg 
cells loss of viabihty, loss of the abdity to assimilate glutamic acid, 
progressive respiratory failure, lysis The results discussed so far 
show that assmulatory impairment precedes respiratory failure and 
tysis but It IS not possible to state categoncaUy whether it precedes loss 
of viabfiity The curves (fig 2) showmg the faUmg m glutamic level 
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after penicillin addition and the eSect on growth as judged turbidi- 
metncally show clearly that the level within the cell begins to fall 
before increase in cell-mass ceases Further than that it is not safe 
to go at present 

We know from previous work that the glutamic acid withm the 
cell acts as a reservoir for various forms of metabohsm withm the cell 
It IS important for us to know whether this mternal metabohsm is 
affected by peniciUm We can mvestigate this by a modification of 
the method used to show the inhibition of internal metabohsm by 
dyes of the triphenylmethane series Table 3 shows the results of 
such an experiment normal, “deficient” Staph aureus cells are m- 


TABLE 3 (Lecture III) 

Eifecl of penicillin treatment on internal metabolism of glutamic acid in Staphylococcus aureus 



EXTERNAI. 

ENVIRONMENT 

INTERNAL 

ENVIRONMENT 

CHANGE IK 
EXTERNAL 
ENVIRONMENT 

CHANGE IN 
INTERNAL 

environment 

j 111 GLtllAKIC 
Acm 

metabolised 

Norinal cells 

■Mi 





Initial 


690 

-831 

+370 

461 

Final 

Penicillin- 

■■ 

1060 




treated cells 
Initial 

1 

1646 

579 

1 

-106 

-263 

363 

Final 

[ 1540 

315 





cubated in a known concentration of glutamic acid m the presence of 
glucose, and the change in the mternal and external glutamic acid 
assayed after an hour, glutamic acid has left the external environment 
and passed mto the cell with a consequent mcrease m the mternal 
level, but a total of 461 n\ has been metabolised durmg the assimila- 
tion An exactly similar experiment was carried out with cells of the 
same age but harvested from a culture to which 10 units pemcilhn/ml 
had been added 90 mm before harvestmg We find that, m this case, 
363 fxl glutamic acid have disappeared in the course of the mcubation 
but a glance at the distribution between internal and external environ- 
ments of this loss shows a very different picture from that obtamed 
with the normal cells m this case, very httle glutamic acid has dis- 
appeared from the external environment — m comparison with the 
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831 jul which disappeared in the control — and the metabohsed glu- 
tamic acid has been withdrawn mainly from the internal environment 
In other words, the internal metabolism of glutamic acid has proceeded 
normally in the peniciUin-treated ceUs and has proceeded at the ex- 
pense of the mternal reservoir whereas, m the normal cells, any such 
internal utilisation is made good by assimilation from the external 
environment In the penicilhn-treated cells this is impossible smce 
the passage of glutamic acid across the cell- wall is blocked 
The studies discussed so far were all carried out on a normal peni- 
cillin-sensitive stram of Stuph aureus The next question that arises 
IS what happens with the so-called resistant strams^ As you know 
it is a comparatively easy matter to produce peniciUm-resistant 
strams from sensitive ones by a process of serial subcultivation m 
media contammg steadily mcreasmg concentrations of penicillin 
The acquirement of resistance was studied by Demerec (5) who con- 
cluded that m every culture there occur mutants which have a some- 
what greater resistance to penicilhn than the bulk of the cells, when 
growth occurs m a concentration of peniciUm which limits the growh 
of the bulk of the cells, then selective growth of the more resistant 
mutants takes place The “trammg” process thus consists m gradual 
selection of more and more-resistant mutants and is presumably only 
limited by the abihty of the organism to mutate m this sense We 
took our stram of Slaph aureus and proceeded to tram it to penicillm 
in the usual way When we had reached a resistance of 60 units/ml 
(an mcrease m resistance of some 600 times over that of the organism 
ongmally studied) we carried out tests on the blockmg of glutamic 
assimilation m the same way, m this case the assimilation was un- 
affected by the addition to the medium of 1 or 10 imits pemciUm/ml 
but was completely blocked by the addition of 100 units/ml Conse- 
quently an mcrease in the growth-resistance to penicillin was accom- 
panied by an mcrease m the resistance of assimilation processes 
It seemed probable that some property of the assimilation process 
could be related to the penicilhn resistance Smce we wished to study 
the assimilation process itself m the absence of comphcations due to 
mternal metabohsm, it was necessary to abolish this mternal metabo- 
lism, to do this we took washed suspensions of the cells (m which we 
ha\e previously shown that protem s 3 mthesis does not take place) 
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and treated them with amounts of Crystal Violet just sufficient to 
mhibit the residual mternal metabolism In these cells glutamic 
acid enters the cell until the mternal concentration is in true equi- 
librium with the external concentration Table 4 shows that the 
pemcilhn resistance of a number of various organisms cannot be cor- 
related with their internal level of glutamic acid under standard con- 
ditions and m the absence of mternal metabolism, the resistance cannot 

TABLE 4 (Lecidue III) 


Pemcilhn restslance and internal concentration of glutamic acid in a series of organisms 


OEGANISU 

STRAtN 

PENICILtlM TEST 

IKIEUNAL 

CONCENTSAnON 

OF GLUTAMIC ACID 
M /lOO UG 

Growth 

TJnits/m 

No Growth 
Units/ml 

Staph aureus 

563 

0 02 

0 04 

1165 

B subtihs 

St 

1 0 04 

0 06 

26 

Staph aureus 

209 

0 05 

0 10 

560 

Staph aureus 

D 

0 06 

0 08 

660 

1 

Staph aureus 

1 

6773 

5 0 

7 0 

890 

Strep faecahs 

ST 

6 0 

8 0 

1 

534 

Staph aureus 

6773 

9 0 

15 0 

880 



15 

20 

825 



60 

70 

750 



250 

300 

740 



2000 

4000 

705 



6000 

— 

0 


then be correlated with the concentration gradient across the cell-wall 

Fig 3 shows the efiect of the external glutamic acid concentration 
on the mternal concentration m the case of two organisms The 
curves are somewhat different from those I showed in the first lecture 
and m which no attempt was made to control the mternal metabohsm 
m the absence of mternal metabohsm the curves are sharper and flatter 
In both cases the mternal level is independent of the external concen- 
tration except for low values of the latter but it can be seen that^the 
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concentration affected by Staph aureus at very low external levels is 
considerably greater than that effected by Strep faecalis — m other 
words, the slope of the Staph aureus curve is steeper than the slope 
for Strep faecahs The slopes of these curves represent the afiffnity 
of the cells for the assimilation of glutamic acid and, m analogy with 
enzyme-substrate curves, we can take, as a measure of this affinity, 
the reciprocal of the external concentration required to produce an 



/it Gfufomic Actd /ml Exfernol Environment 

Fig 3 Lecture III Dependence of Internal Glutamate Concentration 
ON External Concentration 

mternal concentration equal to half that attamed at saturation In 
the case of Staph aureus, this external concentration is 1-2 /il while 
for Strep faecahs it is 6-7 /il Strep faecahs is markedly more re- 
sistant to pemcilhn than Staph aureus and these curves gave us the 
idea of investigating the value of the “assimilation affimty” m or- 
ganisms of differing pemciUm resistance Fig 4 shows a senes of 
such results — the ordmates are expressed as % saturation of the m- 
temal enwonment so as to avoid difficulties due to the vaiymg satura- 
tion level m \’arious organisms Of a senes of organisms which had 
different penicillin-resistances on isolation, there is a correlation m 
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Aat the higher the resistance, the higher the assimilation constant 
(or the lower the assimilation affinity) The correlation was proved 
by takmg the organism with resistance of 15 units/ml and trammg 
It by serial subcultivation m mcreasmg concentrations of penicillin 
until It would eventually grow in 2000 imits/ml At mtervals durmg 
the process the assimilation affinity was determmed and the curves 
show that this steadily decreased as the resistance mcreased 
Fig 5 shows agam the relation between values of the assimilation 
constant and the log of the penicillm resistance Values for a moder- 
ately resistant Strep faecalis and for a sensitive B subUks are m- 



Fig 4 Lecture III 'Assimilation Aeitnities” (Glutamic Acid )or State 
AUREUS QE Differing Penicillin Sensitivities 


eluded and appear to fit m the general curve given by Staph aureus 
strams As the resistance reaches high levels — of the order of 1000 
units/ml — the assunilation affinity decreases very rapidly and it 
would appear that, if the pemciUm resistance were pushed to any 
further heights, then the organism would no longer be able to assimilate 
glutamic acid efiectively As the organism is tramed to increasing 
levels of penicillm resistance, the selection of resistant mutants in- 
volves also the selection of those mutants which depend less and less 
upon assunilation for their growth We have already postulated that 
assunilation is a mechanism used by the organism to compensate for 
loss of synthetic power, if assimilation is impaired and the organism 
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still grows, it would seem from our postulate that it must do so by 
synthesis 

The organism cultured from 2000 umts/ml appears to be a normal 
Slaph aureus from cultural and stammg characteristics Between 

• 76 

70 - 

60 - 



Log Penicitltn Cone (un)is / lOOml } 

lie 5 Lecture III Relation between Assimilation Aefinity toward 
Glutamic Acid anti the PENuaLiiN Resistance 

2000 and 6000 units pemcdhn/ml it changes from a Gram-positive 
coccal organism to a Gram-negative bacillus displaymg marked pleo- 
moiphism This spectacular change w'as first noted by Bellamy & 
Klimek (S) who were workmg mdependently on the penicillin re- 
sistance problem at the same time as we were carrymg out our as- 
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sunilation studies When their first note ms pubhshed, I had taken 
my own organism to a level of 2000 units/ml and had stopped since 
I had obtamed the mformation on assimilation affinity just described 
When I read the note of Bellamy & Klimek (7) I decided to force my 
organism, if possible, up to levels reported by these workers to see 
whether I could get the same changes as they described My or- 
ganism was reluctant to mcrease its resistance above 2000 units, but by 
perseverance and large inocula it eventually grew first at dOOO and 
then at 6000 umts/ml Plating of the 4000 unit culture gave a mixture 
of Gram-positive and Gram-negative forms while the 6000 units cul- 
ture gave a pure culture of Gram-negative forms Dr Bellamy kmdiy 
sent me cultures of his resistant organism and I found that it had stam- 
mg and cultural characteristics identical with rmne — obtamed from 
different parent strams, m different media and with different penicilhn 
preparations Bellamy & Kbmek (8) have pubhshed details of then 
trammg procedure and of the properties of their resistant organism — 
these properties are duplicated in the case of my resistant organism 
Both organisms are strict aerobes and have lost most of their fermenta- 
tive powers with the exception of a feeble activity towards glucose 
Bellamy and I entered mto an agreement for the study of these or- 
ganisms m which I undertook to mvestigate their ammo-aad 
metabolism 

The general activities of all the organisms are all very sunilar and 
are essentially the same as those described by Hills (9) for Staph 
aureus In some cases, e g glycme, serme, prohne and glutamic aad, 
the rates of attack by the resistant organisms are significantly lower 
than for the parent strains while m other cases, eg argmme and 
lysme, the rate of attack by the resistant strams is significantly higher 
The only case where the rate of deamination is significantly higher 
than the rate of oxidation is that of argmme, for all four organisms an 
anaerobic deammation of argmme with hberation of COa can be demon- 
strated and it is highly probable that all four organisms possess argmme 
dihydrolase demonstrated by Hills (9) as the mam ammonia-formmg 
enzyme system of Gram-positive cocci All four organisms possess 
urease to much the same degree of activity A glance at the figures 
leaves little doubt but that we are dealmg with genume staphylococcal 
organisms and not with odd contammants This is proved, as we 
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shall see later, by the fact that the resistant organisms will re\ ert to 
gi\ e Gram-positive Siaph aureus 

If the organisms are subjected to the usual assundation procedure, 
they show no internal glutamic acid at all under any condition of test 
Here they conform to Taylor’s law (10) that Gram-positive organisms 
contain free amino-acids in the internal environment whereas Gram- 
negative organisms do not \\diat about their abilities to sjmthesise 
ammo acids? 

Slaph aureus strams are highly exacting towards ammo-acids as 
demonstrated by Gladstone (11) and also require nicotmic acid and 
thiamine We investigated the nutntional requirements of the various 
organisms by growmg them first in Gladstone’s synthetic medium and 
then testing their abihty to grow in this medium from which the 
vanous components were omitted one at a tune (12) Table 5 shows 
die results the parent 6773 strain requires 10 ammo-acids m addition 
to the tvo grondh factors, the parent 209 requires 7 In the case of 
both resistant organisms the omission of any ammo-acid has no ap- 
preciable effect on the growth, likewise the omission of nicotinic acid 
has no depressant effect We made a jump and tested the growth of 
the organisms m a sunple salt, glucose, thiamme and ammonia medium, 
neither parent stram will grow but either resistant organism will grow 
normally after a lag of a few hours — this lag bemg considerably reduced 
by the addition of cystme to the medium In other words, the two 
resistant organisms can synthesise all their ammo-acid requirements 
from ammonia and glucose and can also syntliesise nicotinamide but 
not tliiamme The studies vhich we earned out on assimilation 
affinity suggested that increased penicillin resistance should select 
mutants w'hich relied on sjmthesis rather than assimilation processes, 
pushed to its logical conclusion this should mean that penicillin trammg 
w ould e% entually lead to the selection of mutants w hich can s) nthesise 
all their ammo-acid requirements, this has now' been reahsed ex-per- 
imentally 

We hax e studied tlie abiht} to sjmthesise ammo-acids of organisms 
whicli represent opposite ends of the scale of sensitivitj to pemcdlm 
Can we determme any facts about the intermediate cases or obtain 
an\ further mformation on the relation between sjmthetic ability and 
penicilhn resistance^ Table 5 brings out a number of points bearing on 
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this problem Our parent sensitive strains 6773 and 209 are e-^acting 
to a variety of amino-acids, the Gram-negative derived organisms can 
S 3 mthesise aU their ammo-acid requirements and nicotinamide The 
case of the organism trained to a resistance of 2000 units penicillm/ml 
was the first studied, this organism is Gram-positive, a facultative 


TABLE 5 (Lectoee III) 

Rdatwn belweeit Pentctlhn Restsiance and Synlhelic Abilities 


MUTANTS SELECTED B\ PENICatIN TRAINING 


6773 6773 6773 209 


209 209 


Penicillin resistance (36 hr test) 5 2000 6000 0 05 6000 400* 1 1000* 

(reversion 

mutants) 

Gram stain + ~ + ~ + + 

Nicotinamide + d- — + i 4. 4. 

Thiamine + + + + 

(y ; S! IS 

astidme T X _ + - (88) (88) 

+ (5) - -1- - (160) + 

Ghcme + _ + - (160) (64) 

(«) wS - X - T T 

Cystme m - - - - (64) (40) 

Glutamic acid _ _ _ ^40) 

Phenylalanine tw; ^ ^ ^ ^ 

Arginine d- — — ' 

had 

increased to 800 and 1700 units/ml respect 

4- = presence essential for growth „,oAxnm 

- = presence not essential for growth in same time as in ^ 

(88) - growth took place in absence after adaptation had occurred in 

tion has occurred after 40 hr 
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Gladstone (11) showed that strains oi Staph aureus can be trained 
to dispense with ammo-acids by the process of attrition involved in 
serial subcultn ation in media containing progressively fewer ammo- 
acids \\ e have applied the Gladstone technique to both our parent 
strains and have been able to tram them to dispense wnth all ammo- 
acids except histidine and cystine Table 6 shows that this trammg pro- 
cess— -which presumably inv^olves selection of non-exacting mutants — 
results m a simultaneous increase m the penicillm resistance Con- 

T.VBLE 6 (Lectupe III) 

Rdatton beldccn Synthdic Abilittes and Pcntcilhn Resistance 


UtrTANTS SELECTED n\ hOTXITIOSAL TEAIMVO 


.... ... 1 

Parent strain 

6773 

6773 

1 209 

1 209 

Nulrtltonal requtren cuts 

Nicotinamide 

+ 

+ 

-b 

+ 

Tliiaminc 

-b 

+ 

+ 

-b 

Proline 

+ 

— 

+ 

_ 

Histidine 

+ 

-b 

-b 

+ 

\ aline 

+ 

— 

-b 

— 

Ghanc 

+ 

— 

-b 

— 

tcpartic acid 


_ 

-b 

— 

Leucine 

+ 

— 

+ 

— 

C> Stine 

-b 

-b 

+ 

+ 

Glutamic acid 

+ 

— 

— 

— 

Phenj lalamnc ^ 

+ 

— 



\rgininc 

-b 

_ 

— 

— 

Penicillin resistance (36 hr test) units/ml 

1 

5 0 

100 

0 05 ^ 

1 

250 


sequently there is a definite correlation between synthetic abilities 
and penicillin resistance m these strains 
Thirdlj w e hav^e the mteresting cases of tw'O organisms obtamed by 
reversion of the Gram-negative 209 denvative While Bellamy and 
his co-workers were attempting to rev^ert their organism to provm its 
staphv lococcal nature, it several times underwent such reversion m 
our hands — as it w ere bj accident ' Betw een us w e have w orked out a 
technique which has enabled us to isolate sev^eral Gram-positive 
staphv lococcal reverted mutants from the Gram-negative 209 PT 
organism The rev'ersion is due to chance mutation and our methods 
mcrcK consist m a method whereby the growth of the reverted mutant 
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Will be favoured once the reversion has occurred The method con- 
sists in inoculating large mocula of Gram-negative organisms mto a 
rich casein-digest medium and then two or three subcultivations into 
a medium contaming either marmite or yeast extract m low concen- 
centration as sole nutrient Table 5 shows the synthetic abilities of 
two such reversions from 209 PT, both reversions require a number of 
amino-acids although their requirements are less than those of the 
original parent 209 One very mterestmg fact is that both reversions 
have retained the power to s)mthesise mcotmamide whereas the original 
parent— together with most freshly isolated Staph aureus strains— has 
not this ability The resistance towards penicillin is again of a high 
level but mtermediate between that of 209 PT and 209 The strains 
are not stable m their requirements as they adapt fairly easily to the 
absence of most of the ammo-acids — ^but not of arginme or cystme — 
and their resistance to peniciUm also goes up from about 450 units/ml 
in a 30 hour mcubation to over 1000 units m a 4 day incubation 
The results expressed in this table bring out two facts quite clearly 
first, that Staph aureus possesses a high rate of mutation and second, 
that there is a reciprocal relationship between the synthetic abihty 
and the pemciUm sensitivity of the strains obtained 
This all correlates very well with the origmal finding that penicillin 
blocks the assimilation process We were restricted in our studies on 
assiimlation to glutamic acid although it was always possible that the 
facts discovered with that amino-acid were symptomatic of changes in 
the assimilation process towards ammo-acids m general It is now 
certam that this must be the case, the penicilhn-resistant organisms 
synthesise all their amino-acids and even moderately sensitive strains 
can dispense with glutamic acid It is however definite that penicifiin 
does not block the assimilation of lysme, which is, as you may remem- 
ber, a physical process Lysme is however not an essential ammo-acid 
for the strains of Staph aureus studied 
We have seen that bacteria must grow either by assmulation or by 
synthesis of their constituent ammo-acids, that some organisms have 
lost certain synthetic abilities and so are forced to assmnlate, that 
many such obhgate-assimilators effect a concentration of certain 
essential ammo-acids within the mternal environment prior to further 
metabolism and that all organisms which have acquired this ability 
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are also Gram-positive We have seen that penicilhn wdl block the 
assimilation process towards certam ammo-acids, that traimng to 
pemoUm-resistance results m the selection of less evactmg-mutants, 
that there is a reaprocal relation between synthetic abihties and peni- 
nlbn sensitivity*, that pemcilhn-trammg pushed to its highest levels 
results m the selection of organisms non-evactmg towards atnmo-acids 
and that such organisms are Gram-negative, that reversion mutations 
wiU occur to give organisms exacting towards ammo-aads which are 
Gram-positive 

The Gram-positive cell is able to effect a concentration of certam 
ammo-aads within the mtemal environment, a glance at the analytical 
figures at our disposal shows that the relative concentrations of free 
ammo-acids withm the cell are very roughly those of the relative pro- 
portions of the combmed ammo-acids m the cell-protem It seems 
possible that the Gram-positive cell represents an evolution from the 
Gram-negative form such that the evolved form compensates for the 
loss of symthetic abihties by this concentration of ammo-acids withm 
the mtemal emnronment m roughly the nght proportions for anabohc 
purposes There is httle doubt but that Gram-negati\e cells can 
assimilate ammo-aads — the nutation of EbcrtJicUa typhosa, Shigella 
and the Ndssena proves that, — ^but they cannot effect the mtemal 
concentration The substance responsible for the positive Gram re- 
action, the Gram complex, has been studied by Henry & Stacey (13, 
14) m England and by Umbreit & Bartholomew (15) m this country 
It appears to be a protem with a prosthetic group consisting of Mg 
ribonucleotide and appears to reside mamly m the surface layers of 
the cell If this substance is mtimately bound up m the assumlation- 
and-concentration process, then we may have an explanation of the 
effect recently shown by Fneden & Frazier (16) of magnesium m m- 
creasmg peniciUm sensitivity, smee reduction of magnesium w*ould 
promote the growth of mutants of a less-Gram-positive character 
which were, consequently, less able to effect assimilation and more 
able to carry out symthesis 

Pemciilm is only effective on growing cells When the Gram- 
positive cell grows, it must synthesise the Gram-complex and this 
requires magnesium and the synthesis of nbonudeic acid This im- 
mediately remmds us of the studies of Krampitz & Workman (3) on 
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the effect of penicillin on ribonucleic acid metabolism m Staph aureus 
These workers showed that pemcilhn will inhibit the breakdown of 
either endogenous or exogenous ribonucleic acid, high concentrations 
of peniciUm were used (of the order 400-2000 units/ml) but the 
workers pomt out that cell concentrations were used which were about 
1000 times the concentrations used in growth mhibition tests This 
argument may or may not be vahd but there is evidence here that 
peniciUm can disorganise ribonucleic acid metabohsm A suggestion 
which forces itself upon us at this stage is that penicillin mterferes 
with the S 3 mthesis of the Gram-complex or otherwise disorganises 
the nucleotide composition of the cell such that the concentration 
and assimilation mechanisms break down Dufrenoy & Pratt (17) 
have recently shown that when Staph aureus is grown m bacteriostatic 
concentrations of peniciUm, then the cells gradually lose their Gram- 
positiveness and eventually become Gram-negative If there is an 
actual disorganisation of the nucleotide complex, it should be possible 
to detect some alteration m the nbonucleic acid/desoxyribonucleic 
acid ratio under the influence of pemcilhn Table 7 shows results we 
have obtamed in such an attempt A normal pemciUm-sensitive 
Staph aureus was grown m casem-digest-glucose medium and 5 units 
pemcdlm/ml added to portions of the culture at the end of the fourth 
hour of mcubation Organisms were harvested at the tune of the 
penicdlm addition and at mtervals of 30 and 120 mm after the addi- 
tion In all cases the ribonucleic-phosphate and desoxyribonucleic- 
phosphate were estimated by the method of Sthmidt & Tannhauser 
(18) In the normal culture there is a steady drop m both ribo- and 
desoxyribonucleic acid content with age of culture, much as described 
by Malmgren & Heden (19) The addition of penicillm has been 
followed by a significant decrease m the nbonucleic-P , 6% below the 
control after 30 mm and 10% after 120 mm , and a marked mcrease 
m the desoxyribonucleic-P content amounting to 20% greater than the 
control after 30 mm and 58% after 120 mm The ratio between 
nbonucleic-P and desoxynbonucleic-P averages 8 7 for the control 
culture and has fallen to 6 5 for the culture grown m peniciUm for 30 
mm and to 5 55 for the 120 mm pemciUm-culture There is def- 
inite evidence here of a disorganisation of ribonucleic acid metabohsm 
If we calculate the total amount of nucleic acids per ml of culture 
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we can see that the synthesis of desoxyribonucleic acid is the same 
m the presence of peniciUm as in its absence while the mcrease m 
ribonucleic acid is only 10% m the pemcillm culture (after 30 mm ) 
compared with an mcrease of 42% in the normal culture If the sug- 
gestion of Brachet (20) is correct, that ribonucleic acid gives rise to 
desoxyribonucleic acid, then these results could be mterpreted as 
meaning that peniciUm has mhibited the formation of nbonucleicv 
acid but not its transformation mto desoxynbonucleic acid Analyses 

TABLE 7 (Lecture IU) 

Efccl of Pcmctllin on Ihc Nucleotide Content of Staph aureus 


Staph aureus grown at 37°C in cascin-digest-glucosc medium and 5 units penialhn/ml 
added to growing cultures as indicated below All quantities c.'rprcsscd as us P/nig 
dr> weight of cells 



ACE OP CULTURE 

GRAW KECATIVE 
RESISTANT 


4 hr 

4i hr 

6 hr 

ORGAKISU 

Time for w hich penicillin w as 


1 

1 




present before harvesting 

— 

_ 

30 


120 min 

— 


1 


mm 1 




Total P content 

32 6 

30 2 

31 7 


26 2 

15 2 

Ribonucleic acid P 

20 2 

18 8 

17 7 


13 9 

8 38 

Desoxynbonucleic acid P 

2 30 

2 26 

2 71 

1 58 

2 5 

3 06 

„ Ribonuclcic-P 

Ratio _ , , 

D esoxyrj bon u clei c-P 

8 8 

8 3 

6 5 

9 8 

5 55 

2 7 

Dry weight of cells m culture 







(mg /ml ) 

0 121 

0 190 

0 154 




Ribonucleic-P/ml culture 
DesoxyribonucIeic-P/ml cul- 

2 45 

3 47 

2 72 




ture 

0 25 

0 43 

0 42 





carried out on the highly resistant Gram-negative organism derived 
from Siaph aureus 6773 show that this has the very low ratio of 2 7 
while its desoxynbonucleic-P content is higher than that of the Gram- 
positive organism from which it was derived The action of pemciUm 
on the Gram-positive organism has thus had tlie effect of altering its 
nucleic acid composition m the direction of that of the Gram-negative 
organism 

It seems probable that we have reached the limit of the knowledge 
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that studies of assimilation and amino-acid synthesis can give us 
about the action of penicdlm The present indication is that we 
must turn our attention to the study of nucleic acid synthesis and 
metabolism with especial reference to that material laid down m the 
Gram-positive cell and impartmg the positive reaction when treated 
by the Gram technique Perhaps, m turn, such studies might throw 
some hght on the part played by this material m the assimilation- 
concentration mechanism evolved by the Gram-positive bacterium 
We have to bear m mmd, through all this, that the Neisseria are 
Gram-negative but highly penicilhn-sensitive They may possibly 
represent organisms which have not yet acquired the mtemal concen- 
tration mechanism For the moment we must content ourselves with 
reflecting that the c3d;ologist says that the Neisseria are “Gram- 
mtermediate” and that they are certainly unable to synthesise certam 
ammo acids, all the Neisseria so far studied bemg nutritionally exacting 
towards both cystme and glutamic acid at least 
The studies that I have outhned m these lectures on the assimilation 
of ammo-acids by bacteria have enabled us to gam a certain msight 
mto the nitrogen metabohsm of Gram-positive bacteria and they have, 
at the same time, raised many new problems for us to investigate 
It IS, however, one of the dehghts of scientific research that the answer 
to each problem raises new ones and that, as we pass each stage m our 
enquiry, we observe that evolution of knowledge which is described, 
m the words of Spencer, as a “change from a relatively mdefimte 
incoherent homogeneity to a relatively definite coherent heterogeneity ” 
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The methods which are m current use for the routine laboratory 
diagnosis of sickle cell disease are based on the widely accepted con- 
cept that the sickling phenomenon is brought about by the reduction 
of hemoglobin in the red cell Exposure of susceptible cells to high 
concentrations of carbon dioxide is known to cause rapid sickling (1) 
Exposure to atmospheres with sufficiently low oxygen tension s imil arly 
accelerates sickling (2) The production of prolonged stasis by a 
tourniquet has been shown to enhance the sickhng in samples of venous 
blood (3) Spontaneous sickling occurs when suspensions of cells 
are sealed beneath a cover shp and allowed to stand for some hours 
(4) (5) This latter procedure is probably the one most commonly 
employed in routme diagnostic laboratories, but it has the disadvantage 
that a conclusive diagnosis is often impossible until twenty four hours 
after the test has been set up 

In the present study, the effect of a variety of reducing agents on 
sickle cells was tested with the purpose of devising a dependable means 
for the rapid diagnosis of sickle cell disease It was found that sulf- 
hydryl compounds, notably hydrogen sulfide, BAL (2,3-dimercapto- 
propanol), and cysteine caused complete sickling within less than a 
half hour This report is concerned with a description of these obser- 
vations, together with a presentation of certain related findings which 
may have bearing on the underlying mechanism of sickhng 

^ This work was supported by a grant from the Life Insurance Medical Research 
Fund 
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MATERIALS AND METHODS 

Varying concentrations of BAL,^ cysteine hydrochloride,^ and 
glutathione,^ as well as other reagents to be mentioned below, were 
prepared by dissolving the chemicals in physiological saline and ad- 
justing the pH to neutrality with sodium hydroxide Hydrogen 
sulfide was prepared as a saturated solution by bubbhng the gas 
through salme For the test, a small drop of the reagent was mixed on 
a shde with a drop of oxalated blood which had been diluted approxi- 
mately 1 to 5 with sahne The mixture was immediately covered with 
a glass covershp and, if prolonged observation was desired, sealed at 
the edges with vasehne 

Approximately 50 specimens of blood were obtained from patients 
with known sickle cell disease As controls, 30 specimens from normal 
individuals and 6 specimens from patients with other varieties of 
anemia were tested 


RESULTS 

In Table I are summarized the results of testmg a sample of blood 
in the presence of several thiol reagents These results are illustrative 
of those obtamed in every case of sickle cell disease studied The 
most rapid sickhng was seen m preparations muxed with hydrogen 
sulfide, in most instances sickhng was clearly evident within five min- 
utes after the mixture was placed on the shde, and the majority of the 
cells were fully sickled within fifteen mmutes In the presence of BAL 
and cysteine, sickhng usually became apparent in fifteen minutes and 
was complete withm a half hour Glutathione was considerably less 
effective, producing satisfactory sickling only after two or three hours 
The concentrations of thiol compounds necessary to produce sickhng 
are indicated m Table I For practical purposes, the most suitable 
concentrations were found to be as follows hydrogen sulfide — an 
approximately saturated solution, cysteine — 0 5 molar solution, 
BAL — 0 1 molar solution It is of interest that in general the con- 
centrations of each substance which produced sicklmg were also those 
which gave a positive nitroprusside reaction, and a negative nitro- 

- Pure BAL supplied through the courtesy of Dr Harry Eagle 
® 1-Cysteme hydrochloride (Merck and Co , Inc , Rahway, N J ) 

^ Glutathione (Schwarz Laboratories, Inc , New York 17, N Y ) 
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prusside reaction always indicated an amount insufficient to cause 
sickling 

The thiol reagents did not produce sickhng or any other change m 
contour resembling sickling m the red cells of normal individuals 

TABLE I 


The Prodtichon of STckhng by Sulfhydryl Compounds 


HEAGENT 

CONCEN- 

TRATION 

miB or OBSEEVATIOK (iN lONUIES) 

s 

10 

IS 

30 

60 

120 

HjS (saturated so- 

1 1 


+-l-+ 

++-b+ 

+-b++ 

++++ 

++++ 

lution) 

1 2 

+ 

+++ 

++++ 

++++ 

++++ 

++++ 


1 4 

— 

++ 


++++ 

++■+•+ 

++++ 


1 8 

— 

4- 

1 ++ 

+++ 

++++ 

++++ 


1 16 

— 

— 

— 

+ 

++ 

++++ 

BAL 

0 lOM 

-b 

+ + 

+++ 

++++ 

++++ 

++++ 

i 

0 05M 1 

— 

+ 

+-b 


++-f+i 

++++ 

! 

0 OIM 1 

I 

— 

+ 

++ I 


++++ 

Cysteme ! 

0 SOM ! 

— ! 

+ 

+++ 

++++I 

++++! 

++++ 

j 

0 lOM 

— 

— 


+++ ! 

+++-f! 

++++ 

] 

0 OIM 

— 


+ 

+ 

++ 

+ + 

Glutathione 

1 

0 25M 

— 

— 

— 

- 1 

1 

+ 

++ 


0 05M 

— 


— 


— 


NaCl 


— 

^ i 

— I 

- ' 

— 

- 


approxiniately 5% of cells sickled 
++, approximately 25% of cells sicUed 
+++, approximately 75% of cells sickled 
++++, approximately 90-100% of cells sickled 


Blood from three adult negroes with the sickhng trait, who gave no 
history suggestmg sickle cell disease, showed the same response to 
thiol compounds as that from patients with the active disease How- 
ever, m two other adults with the -sickhng' trait, the ceUs exhibited a 
delay of two hours before responding to^ hydrogen sulfide or BAL 
The possible significance of this delayed response wifi depend upon the 
accumulation oi additional data with blood from sickle-trait mdivid- 
uals At the present time, an insufficient number of such persons has 

been studied 
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Oxygen exerted a marked inhibitory effect on the sickhng produced 
by sulfhydryl compounds, and was also capable of reversmg the 
phenomenon Sickhng did not occur in preparations left open to the 
air, or in ordinary hangmg drop preparations When the covershp 
overlymg a fully sickled preparation was removed, the sickled cells 
rapidly and completely reverted to the normal discoid shape 

The effect of reagents known to oe thiol antagonists was tested with 
several samples of sickle ceU blood It was found that spontaneous 
sicklmg, as well as thiol-mduced sickhng, was completely inhibited by 
small amounts of o-chloromercuribenzoate,® lodoacetamide,® lodoso- 
benzoate,® hydroqumone and sodium maleate The interpretation 
of the inhibitory effect on spontaneous sickhng is not yet clear It is 
possible that these substances may block an — SH mechanism within 
the ceU, but it is also possible that the effect is due to some other less 
specific chemical trauma to the cell Further investigations of the 
effect are m progress 

The thiol reagents caused a pronounced darkenmg m the color of 
the blood within a few mmutes after mixing This color change was 
always seen with concentrations of thiol compounds which were suf- 
ficient to produce sickhng It was accompanied by the disappearance 
of the absorption bands of oxyhemoglobin, visualized with a spectro- 
scope, and by the appearance of the typical absorption spectrum of 
reduced hemoglobin 

The erythrocyte sedimentation rate was tested in three patients with 
the active disease, comparmg oxygenated blood with other samples of 
blood which, following oxygenation, were treated with BAL or hydro- 
gen sulfide It was found in each instance that hydrogen sulfide and 
BAL caused a marked reduction of the sedimentation rate, which was 
of the same degree as that caused by carbon dioxide (6) (7) It was 
also noted that rouleaux formation did not occur in the samples treated 
with the sulfhydryl reagents, although it was prominent m untreated 
samples 

COMMENT 

The possible significance of the foregoing observations m regard to 
the mechamsm of sickling is the subject of an investigation which is 

® Obtained through the courtesy of Dr Leslie Hellerman 
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Still m progress The detailed results of this investigation will be 
reported at a later date 

For practical purposes, the findings provide a new method by which 
a rapid and rehable diagnosis of sickle cell disease can be made In our 
experience, the sunpiest and most rapidly active agent of the group 
tested is the saturated solution of hydrogen sulfide When a drop of 
this reagent is mixed on a slide with a drop of blood, sickling of a 
majority of the cells is evident within fifteen mmutes and is not in- 
frequently complete in as short a time as five mmutes It has been 
found that solutions of hydrogen sulfide maintain their activity for 
five days if kept in the refrigerator in tightly stoppered containers 
BAL and cysteine, on the other hand, are highly unstable and must be 
prepared in fresh solutions each day and kept cold at all times The 
activity of any of the reagents can be verified in rough fashion by 
means of the nitroprusside test 


SUMMARY 

Hydrogen sulfide, BAL and cysteine produce rapid and complete 
sickling when mixed with the blood of a patient with sickle cell disease 
Glutathione causes sickling after a longer mterval Sickling produced 
by sulfhydryl compounds is rapidly reversed by exposure of the sickled 
cells to air The sedimentation rate of oxygenated blood from patients 
with sickle cell disease is markedly diminished by the addition of 
hydrogen sulfide or BAL Spontaneous sicklmg, as well as sicklmg 
by thiol reagents, is inhibited by certain agents known to be thiol 
antagonists 

It IS suggested that sulfhydryl compounds may be of value in the 
laboratory diagnosis of sickle cell disease because of the rapidity with 
which reliable and reproducible results can be obtained 
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BOOK REVIEWS 


(These reviews represent the individual opmions 
of the reviewers and not necessarily those of the 
members of the Editorial Board of this journal) 

Brain and Intelligence By Ward C Halstead 206 pp $6 00 University of 
Chicago Press, Chicago, III , 1947 

Although Brain and Intelligence undoubtedly will not be one of Chancellor 
Hutchins’ 100 books, it is nevertheless a much needed argument for objectivity 
m the field of psychological and psychiatnc testmg The author makes his central 
theme “the frontal lobes of the brain, long regarded as silent areas, but in reality 
the organs of civiliaation — the basis of man’s despair and of his hope for thefuture ” 
Halstead has utilized his opportunities in the neurosurgical clinic at the University 
of Chicago, where he saw patients of Walker, Bucy, Bailey and others before and 
after various brain operations Among these he lists cerebral lobectomies, mili- 
tary head mjuries, closed head injuries, pre- and post-lobotomies — a total of 207 
patients He applied a number of objective tests, 27 “behavioral indicators”, 
described in an appendix of the book The volume contams an excellent group of 
diagrams of the brain lesions of the cerebral lobectomies 

The book begms with a review of some of the neurological, psychiatric, and 
psychological work leading up to the author’s concepts and his argument for “bio- 
logical intelligence” Previous studies are grouped under psychometric, clmical, 
and neurological intelligence With considerable hauteur the author makes short 
shrift of nearly all past work with the exception of that of Lashley and one or two 
others “Professor Halstead has combined new instruments and quantitative 
methods with the techniques of factor analysis [Thurstone and Holzmger] to 
isolate the basic factors of higher mental processes,” says the jacket review The 
results of the author’s tests are described in chapters entitled the A Factor, the 
Power Factor P, the Directional Factor D Then comes a kind of philosophy of 
the results under the title “Nuclear Structure of the Ego” Part II deals with 
“Localization of Function in the Brain ” 

While some readers will doubtless welcome the relegation of the data to a higher 
level of discussion and its embellishment by the use of such terms as the Field 
Factor A, the Power Factor P, the Directional Factor D, and the Nuclear Structure 
of the Ego, the present reviewer is somewhat bewildered by these highfalutin 
adornments The state of confusion m our present thinking and testing which 
Halstead’s data might go far toward dispelling is partly remcarnated by his own 
special brand of a higher psychological philosophy The tests are dissected into 
26 “quantitative indicators” (p 171), 17 of which bear the name of the author, 
thus 15 IS “Halstead Time-Sense Test (Vision)”, 16 is “Halstead Time-Sense Test 
(Memory)”, 17 “Halstead Dynamic Visual Field Test (Central Form)” Since 
many of these tests have been previously used under other names and are not 
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sufi&ciently modified here to warrant a rebirth under a new nomenclature, one is 
irritated to see work as good as Dr Halstead’s promises to be thus marred 
Like Little Jack Horner eating his Christmas pie', Halstead has stuck m his 
thumb and pulled out a plum in his emphasis on the necessity for objective testmg 
and perhaps he can be excused for the “What a fine boy am I'” This Jack Horner 
attitude pervadmg the book, howsoever annoying, should not blmd us to the need 
for such an approach, and the author is to be commended for his enthusiastic argu- 
ment for objectivity and a demonstration of how objective tests may reveal im- 
portant data 

W H G 

Fundamentals of Psychiatry 4th edition By Edward A Strecker 325 pp 
$4 00 J B LtppincoU Co , Philadelphia, Pennsylvania, 1947 
The latest revised edition of this elementary text is likely to enjoy considerable 
popularity, as have other editions m the past Among new chapters, the one on 
military psychiatry contams an excellent summary of psychiatric knowledge 
gained during World War II, includmg a critical evaluation of the subject The 
section, "Psychosomatic Medicme and Psychiatry”, is practically identical with 
a correspondmg chapter in Strecker, Ebaugh and Ewalt, “Practical Clmical Psy- 
chiatry,” Sth edition, and gives little clarification of the matter Although the 
book IS dedicated to the practitioner of medicme, he will find it diflacult at times 
to make ready use of its contents, particularly as regards the treatment of mental 
disorders The author’s inclusion of a classification of psychiatric illness based on 
“tension” constitutes an interesting attempt to popularize this termmology 
Because of Dr Strecker’s appealing style and his awareness of his audience’s needs, 
the book makes easy and good reading and should stimulate the student’s interest 
to tackle the more complex aspects of psychiatry 

E A 

Beadache and Other Bead Pain By Harold G Wolff 642 pp 152 figures 
$12 00 Oxford University Press, 114 Fifth Avenue, New York 11, New York, 
1948 

In this volume Dr Wolff records the results of 15 years’ study of the natural 
history of headache, by far the commonest and one of the most distressing of human 
discomforts 

In an introductory chapter the author grapples with the old, unanswered ques- 
tion of the nature of pain and, after SO pages, 23 figures, and 125 references, returns 
to the old view that, to the victim, the quale or feelmg state is the most important 
aspect He then proceeds to a descriptive analysis of the pain— sensitive structures 
withm the cranial cavity, much of this together with data on the localization and 
nature of the resultant pain emerged from systematic stimulation of these stmctures 

^'^S&mmg and extending the observations of Cushing and others he has demon- 
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strated that, with the exception of parts of the dura at the base of the brain, sensi- 
tivity to pain is limited to venous sinuses and their tnbutaries, dural artenes and 
major arteries at the base Upon this the author derives six basic mechanisms of 
headache arismg withm the cranial cavity (1) Traction on vems passmg from 
bram surface to venous smuses and displacement of great venous smuses (2) 
Traction on middle menmgeal arteries (3) Traction on large arteries at base of the 
bram or their mam branches (4) Distention and dilatation of mtracranial arteries 
(5) Inflammation m or about pam — sensitive structures of the head, and (6) 
Direct pressure by tumors or adjacent tissue on cranial or cervical nerves, contam- 
ing many pam-afferent fibers These he then applies to the explanation of various 
types of headache 

Most exhaustive (140 pages) is the section on the migrame syndrome which, it 
is concluded, results from distention of cranial artenes At the same time the 
somewhat imponderable nature of the syndrome is implied m its description as 
“a pattern of dysfunction integrated withm the nervous system and manifested 
as mood changes and widespread bodily disturbances of a non-pauiful and painful 
nature ” 

The book sifts critically the published observations and conclusions regarding 
head pam and adds an enormous amount of pertment data obtamed by relatively 
sunple experimental approaches to simple questions The results serve by m- 
ference to identify the source of many types of headache and to pomt the way to 
treatment 

Illustrations are plentiful and lucid Most welcome are the brief summaries at 
the ends of the chapters and a final chapter on clmical differentiation 

EGA 

Operative Gynecology 6th edition By Harry S Crossen and Robert J 
Crossen Ulus 999 pp §15 00 C V Mosby Company, St Loui^, 
Missouri, 1948 

This IS the newest edition of a book which, until recently, was one of the very 
few authoritative books on this particular division of surgery It is thoroughly 
illustrated, and many of the additional illustrations have been reprmted from ar- 
ticles and other books The color drawmgs contrast sharply with the excellent 
colored photographs There has been considerable reorganization and rearrange- 
ment of the chapters m Ime with the recent advances m gynecology The subject 
of uterme cancer and the discussions of x-ray and radium treatment are particularly 
clear and complete The authors have given long and critical consideration to 
carcmoma of the vulva, m line with Taussig’s studies and recommendations The 
chapters on retrodisplacement of the uterus, prolapse of the uterus, and genital 
fistulae are particularly thorough The addition of a short historical sketch and 
the references to the recent literature on each subject are welcome and useful to 
both the specialist and the general surgeon Gynecologists will heartily endorse the 
authors’ constant plea for removal of the mvolutmg or involuted uterus and ovaries 
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when an operation is necessary The cancer potential of these organs is stressed 
and certainly there can be little excuse for removing only one ovary m a post- 
menopausal patient or for leaving the uterus m a forty year old patient who has 
been rendered sterile or castrated by the operation Dr H S Brookes, Jr has 
agaui written the chapters on “The Intestinal Tract” and “Anesthesia” 

A few mmor criticisms can be made The sulfa drugs and the new antibiotics 
are given scant attention and little notice is taken of the ways in which such therapy 
has altered surgical treatment Sulfasuxidme was not recommended preopera- 
tively or postoperatively m the treatment of rectovagmal fistulae The cervical 
biopsy clamp and procedure are declared out of date, the substitute offered (sharp 
conization) is often necessary, but cannot practicably replace this simple office 
mstrument and its usefulness In view of the fact that tuberculosis of the uterus 
IS almost always secondary to tuberculosis of the tubes, the advice on cervical 
amputation for tuberculosis of the cervix and hysterectomy for tuberculosis of the 
uterus is misleadmg and confusmg Sodium pentothal has been the greatest recent 
advance m gynecological anesthesia, yet it is hurriedly and incompletely discussed 
The authors have mserted much new material and the book is a very useful one 
for gynecological surgeons and surgeons who occasionally do gynecology 

R B S 

Psychobiology and Psychiatry 2nd edition By Wendell Mdncie IUus 620 
pages $9 00 The C V Mosby Company, St Louis, 1948 
In this revised edition the general plan and orientation of the first edition have 
been retamed The long section, 184 pages, of historical parallels along national 
lines has been omitted Thus shortened, and prmted on thmner paper, the book 
IS physically more attractive and easier to handle 

The new section on treatment has been enlarged and mdudes a discussion of 
group therapy The portion dealing with classification presents the revised Army 
nomenclature, keyed to the concept of reaction patterns There is a thirty-page 
section on “Somatization Reactions or Psychosomatic Reactions ” 

The distmguishing feature of Dr Muncie’s book is the systematic presentation 
of Meyerian psychobiology and the ergasiologic formulation of clmical syndromes 
One of the major difficulties m preparmg a modern textbook of psychiatry is the 
problem of correlatmg and integratmg psychodynamic considerations with the 
descriptive delmeation of reaction types For many students this difficulty is 
somewhat mcreased in this textbook by the plan of organization m which the psy- 
chodynamics are somewhat segregated in the first part, dealing with normal be- 
havior, and the second part is left rather starkly descriptive For the more ad- 
vanced student, prepared to utilize “genetic-dynamic” concepts m an integrated 
mastery of the materials presented. Dr Muncie’s book offers a treasury of case 
material, with many wise and penetrating comments, and a generous selection of 
pertinent references to American and European authors 


J C W 
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Unipolar Lead Electrocardiography By Euantjei, Goldberger IUus 182 pp 
$4 00 Lea & Febiger, Philadelphia, Pennsylvania, 1947 

Unipolar lead electrocardiography offers certain advantages over conventional 
methods The conventional electrocardiographic leads are bipolar, recordmg the 
difference in potential between the two electrodes Wilson in 1934 devised a 
unipolar lead so that the mdifferent electrode has a theoretical potential of zero 
Such a lead, therefore, represents primarily the potential at the explormg electrode, 
enabling one to record the potential at any one point rather than between two points 
on the body 

An increasmg number of origmal articles attest to the growmg knowledge in this 
comparatively new field Goldberger’s is the first text-book to be published on 
this subject Much of this book is devoted to a detailed description of the electro- 
cardiographic illustrations Flagrant errors are noted when one attempts to dieck 
the descriptions with the actual electrocardiograms Normal patterns are re- 
ferred to as abnormal Abnormal records are described as normal The text 
description contradicts the labels under the illustrations P and R waves de- 
scribed as of high voltage are actually withm the normal limits quoted by the 
author The author’s chief difficulty seems to he with the T waves, and he fre- 
quently describes as “downward” T waves which are actually upright, isoelectric 
or diphasic 

There are many vague, loose and incorrect statements On page 61 the state- 
ment appears, “When the heart is vertical. Pi am is frequently downward, but 
exceptions to this statement are common ” However, m illustrations of 10 normal 
vertical hearts. Pi am is downward m only 2, upright m 4, isoelectric m 4 In 
discussmg left ventricular stram (page 94) one finds, “m this case, therefore, the 
presence of ventricular hypertrophy was mdirectly shown by the electrocardio- 
graphic signs of auricular hypertrophy,” (large P waves) Agam, on page 100, 
“This tracmg, therefore, only mdirectly shows the presence of right ventricular 
hypertrophy due to the presence of the electrocardiographic patterns of auricular 
hypertrophy ” The author twice states that when a myocardial infarct heals, the 
RS-T segment and T waves become normal Not all cardiographers will accept 
this or many other statements m this text 

The book is poorly organized The only illustration and description of a uni- 
polar electrocardiogram m the section on congenital cardiovascular disease is that 
of dextrocardia Insufficient evidence is offered for many of the statements m 
this book 

This volume fails to cover the subject thoroughly or accurately It is, there- 
fore, not recommended There is still a need for a good text-book on unipolar 
electrocardiography, 

S S 
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The diagnosis of a lesion occupying the cerebeUopontile recess is 
relatively easy The chnical differentiation of these lesions represents, 
however, a difficult problem which frequently is not solved until a 
microscopic exammation of the pathological specimen is undertaken 
We have confronted this diagnostic dilemma durmg our previous study 
on the neurmomas (8) and decided, therefore, to analyze the different 
tumors occurring m this location and to pomt out, whenever possible, 
their mam differential diagnostic features 

As seen m the accompanymg table a total of two hundred and five 
tumors of the cerebeUopontile recess were verified at operation at the 
Johns Hopkins Hospital from 1926 to 1945 Most of these operations 
were performed by Dr Walter E Dandy The most common tjqie 
was the neurmoma which comprised 78 per cent of the senes The re- 
mammg 22 per cent of neoplasms wiU be discussed m detail m this 
presentation as we have analyzed the neurmoma group elsewhere (8) 
Abscesses have been mcluded m the series because climcaUy they may 
behave like any other tumor at the angle Aneurysms and other 
vascular abnormalities purposely have not been considered as we wish 
to hmit ourselves at this time to lesions which may be attacked sur- 
gicaUy with certam degrees of success There are many other lesions 
at the recess not mcluded m this paper, such as the infectious granu- 
lomas, the osteomas, and the so-caUed chronic cisternal arachnoiditis 
None of these were found m the hospital records durmg the period 
under consideration The classification of Evans and Courville (6) 
on the subject is quite complete and the reader is therefore referred 
to their paper 

*At present at the Department of Neurosurgery, Hospital Santo Tomas, 
Panama, R of P 
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NEURINOMAS 

Only the outstanding charactenstics of the neurinomas shall be 
discussed because, as we stated before, they have been analyzed in 
detail m a previous communication (8) 
a Unilateral acoustic neurmomas without peripheral neurofibro- 
matosis one hundred and forty five such tumors were found m this 


TABLE 1 

Cerebelloponhle tumors The Johns Hopkins Hospital 1926-1945 


TYPE OF TUMOE 

NO CASES 

% 

Neunnomas 

160 

78 0 

a Unilateral acoustic 

145 


b Bilateral acoustic 

6 


c Unilateral acoustic u ith penpheral neurofibromatosis 

3 


d Neunnomas Vth N 

3 


e Neunnomas Xth N 

2 


f Neunnomas Xlth N 

1 


Cholesteatomas 

13 

6 3 

Meningiomas 

13 

! 6 3 

Ghomas 

12 

5 9 

a Astrocytoma 

5 


b Astroblastoma 

1 


c Medulloblastoma ' 

3 i 


d Ependymoma 

2 


e Ghoblastoma multiforme 

1 


Abscesses 

4 

1 9 

Miscellaneous tumors 

3 

1 6 

a Sarcoma of meninges 

1 


b Carotid body tumor 

1 


c Malignant melanoma 

1 


Total 

205 

100 0 


senes, 62 8 per cent of which occurred in females and 37 2 per cent m 
males The average age at the onset of symptoms was 39 6 years, the 
youngest 12 and the oldest 69 The average duration of symptoms 
was 4 5 years, the shortest 8 weeks, and the longest 20 years T e 
chronological order of symptoms postulated by Cushing (2) was present 
m only 31 per cent of the cases In 30 per cent the Vth N was 
affected shortly after the onset of auditory and labynntlme dis- 
turbances Incoordination and other manifestations of mvo vem 
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of the cerebellar pathways followed S 3 miptoins referable to the Vlllth 
N m 20 7 per cent Headaches, occipital pains or suboccipital dis- 
comforts preceded even the auditory manifestations in 12 4 per cent 
In 6 per cent no definite pattern was followed 
In the greatest number of mstances there was subjective and ob- 
jective evidence of involvement of the Vlllth and Vth nerves as well 
as the cerebellar pathways The Vlllth N was mvolved in every 
case either by affection of both components or by sohtary involvement 
of either the cochlear or vestibular branches In certain instances 
only the Vlllth N was affected, the patients presenting on admission 
Meniere’s syndrome, which although uncommon with tumors at the 
angle does occur Tic douloureux was the only complamt m many 
instances, but m this series was always accompanied by some loss of 
hearing, with the exception of one case This hearmg deficit may 
be easily overlooked because of the frequency of hearmg loss at this 
age Audiometer and vestibular tests are therefore in order m every 
patient with tic douloureux X-ray evidence of destruction of the 
porus acusticus was present in 50 per cent of the cases and when 
absent was not therefore absolute proof agamst a positive diagnosis 
Although papilledema has been mentioned by others (9) as a very 
common findmg in acoustic tumors, it was found m only 66 5 per 
cent of this group 

b Unilateral acoustic neurinomas and peripheral neurofibromatosis 
these have been considered separately from the preceding group as 
they differ in some respects Only three such cases were found The 
average age at the onset of intracranial disturbances was far below 
the average age of patients with sohtary neunnomas , e g , 14 3 years, 
the youngest 9 and the oldest 20 The duration of symptoms was 
10 years, twice as long as in the preceding group 
There was no specific chronological order of symptoms but the 
auditory, trigemmal and cerebellar manifestations were predominant 
The first two were constantly present objectively Only one patient 
showed involvement of the spmal cord 

c Bilateral Acoustic Neurinomas six such tumors were encoun- 
tered Males and females were equally affected In two of these 
patients, both sisters, there was a history of bilateral acoustic neun- 
nomas on the maternal side of the family m approximately thirty- 
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five members since the eighteenth century Their relationship with 
peripheral von Recklinghausen’s disease seems more obvious than in 
the unilateral neurinomas Three cases showed evidence of penpheral 
involvement elsewhere in the body 
The average age at the onset of symptoms was 17 8 years, the 
youngest 9 and the oldest 29 These figures approach those found in 
unilateral acoustic tumors with evidence of peripheral neurofibro- 
matosis The duration of symptoms, however, was much shorter, 
e g , 5 years, approaching the duration of symptoms in the unilateral 
neurinomas without von Reckhnghausen’s disease 

The symptomatology was typically characterized by bilateral 
diminution of heanng which was corroborated objectively in all 
Bilateral involvement of one or more cranial nerves and cerebellar 
pathways was invariably present X-ray of the skull showed uni- 
lateral or bilateral erosion of the porus acusticus 

d Neurinomas of the Vth Nerve three cases compnse this group 
There was no evidence of peripheral neurofibromatosis The age of 
onset was much later than in the sohtary acoustic neunnomas, e g 
47 years, and the average duration was exactly the same as m the 
acoustic neurmomas with evidence of peripheral neurofibromatosis 
Upon admission to the hospital these cases were chnicaUy mdistm- 
guishable from the unilateral acoustic neurmomas The only im- 
portant differential diagnostic pomt was the fact that tngemmal 
sjmptoms preceded auditory and labjuinthme disturbances by an 
average of 4 5 years In two of these patients the initial and pre- 
dommant complaint was that of tic douloureux, and this agam stresses 
(4, 5) the importance of the relationship of tumors at the cerebello- 
pontde recess to trigeminal neuralgia 
e Neunnomas of the Xth Nerve two such cases were found m this 
series The age at the onset of symptoms was 29 and 53 years respec- 
tively and the duration of symptoms 1 and 7 years The predominant 
and initial symptom was that of hoarseness which m one case was the 
only findmg Paresis of one vocal cord was corroborated on admission 
Evidence of involvement of other cranial nerves may or may not be 
present If hoarseness is associated with unilateral paralysis of the 
vocal cords a tumor of the Xth N is a hkely possibility 
f Neurmomas of the Xlth Nerve only one case was encountered in 
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this group The age at the appearance of symptoms was 63 5 years 
with a duration of 4| years There was evidence of penpheral neuro- 
fibromatosis about 5 years previous before the onset of intracranial in- 
volvement The initial symptom was gradual stiffness and atrophy 
of the left arm and shoulder girdle, followed 3 years later by suboc- 
cipital discomfort, disphagia, hoarseness and mcontmence On 
admission the patient showed involvement of the IXth, Xth, Xlth 
and Xllth cranial nerves and ipsilateral cerebellar signs There was 
no impairment of hearing The presence of a neunnoma ongmating 
from the Xlth N was disclosed at operation 

CHOLESTEATOMAS OR PEARLY BODY TUMORS 

Thirteen such cases (6 3 per cent) were present m this senes, exactly 
the same number as the meningiomas which will be discussed later 
Females were affected more frequently than males in a ratio of 10 3 
In one case the symptomatology started with trauma to the head on 
the affected side with loss of consciousness A history of acute otitis 
media on the same side as the lesion was ehcited m another In the 
latter case there were no symptoms referable to the ear and no obvious 
abnormalities could be elicited upon examming the Vlllth N The 
left side was affected almost invariably, only two cases occurnng on 
the nght 

The average age of the patients on admission was 40 6 years, the 
oldest 60 and the youngest 13 The actual age at the onset was 33 3 
years, the oldest 41 and the youngest 11 The average duration of 
symptoms was 7 3 years, the longest 23 years and the shortest 6 weeks 

Symptofmiology In ten cases the only s 5 Tnptom on admission was 
that of tic douloureux, one more case having been added smce our 
previous communication (7) The chief complamt in these cases was 
that of parox)>-smal, lancmatmg, mtermittent pain occurring m one 
side of the face only, affectmg the distnbution of the three branches of 
the Vth N in seven, the second and third branches in two, and the 
first and second m one The pam was more frequent and more severe 
than m the usual cases with “idiopathic” tic douloureux and less apt 
to remit None of these ten cases presented complaints referable to 
the ear The remammg cases had mitial symptoms mvolvmg the 
Vnith N Two complained of tinnitus and gradual dimmution of 
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hearing on the affected side, and one complained of hearing deficit 
unaccompanied by tinnitus Two of these cases had severe rotary 
vertigo coming on in periodic attacks with nausea and vomiting 
A diagnosis of Meniere's disease was made and the tumors were found 
incidentally upon sectionmg the Vlllth N through a unilateral cere- 
bellar approach Cerebellar manifestations were present m three 
cases In two they followed the auditory disturbances, and m one 
the trigeminal complamts Headaches were similarly quite rare and 
never represented an initial or predommant symptom They were 
described as suboccipital m two and bifrontal in one Subjective 
involvement of the Vllth N was even less frequent and was ehcited 
m two cases In one there was just a peripheral type of faaal weak- 
ness, and in the other clonic contractions of the facial muscles on the 
affected side Dysphagia was present m one case, occurrmg rather 
late in the course of the lUness, m addition to auditory disturbances 
Signs The state of consciousness was good in every case Vision 
was well preserved except in one case with predominant auditory 
disturbances m which the patient was completely blind on admission 
and showed on fundoscopic examination secondary optic atrophy 
The fundi and peripheral fields were completely normal in the re- 
mammg cases No abnormahties of the Illrd, IVth and Vlth cranial 
nerves could be ehcited in this group Objectively disturbances of 
the Vth N were found m four cases These were characterized by 
dimmished or absent corneal reflexes, hypalgesia and hypaesthesia m 
one or all of the three branches Two of these occurred m patients 
complammg of tic douloureux and the other two in patients who had 
predominant auditory disturbances Facial paralysis was infrequent 
and could be corroborated in only two cases, one of which had only 
trigeminal symptoms and in the other the auditory manifestations 
were outstandmg Loss of taste m the anterior two-thirds of the 
tongue on the affected side was elicited in one patient complaining 
of tic douloureux with no evidence of facial paralysis Hearing was 
intact in all the cases complammg of tic douloureux, and the caloric 
test was similarly normal in all except one In three patients with 
subjective mvolvement of the Vlllth N the audiogram showed com- 
plete deafness in two and partial in one, the hearing deficit being 
neurogenic Vestibular tests on the other hand were performed in 
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onl}’- one patient who showed a normal response The rest of the 
cianial nerves were intact with the exception of one case with a hearing 
deficit who showed, in addition, ipsilateral palatal paralysis Uni- 
lateral ataxia and horizontal nystagmus were present in the three 
cases with predominant Vlllth N disturbances Horizontal nystag- 
mus alone was found in only one case with tic douloureux Bilateral 
pyramidal signs were extremely rare, appearmg in one of the cases 
with auditory disturbances There were no sensory changes 
X-tays Two patients with tic douloureux were suspected of having 
a tumor and X-rays of the skull were taken accordingly Both of 
these vere reported normal Base films were taken m all patients ivith 
auditory disturbances In one there was definite evidence of erosion 
of the internal acoustic meatus while the others were entirely negative 
Comments In this group, as in the acoustic neurinomas, females 
were vastly more affected than males The left side was almost 
invariably involved The duration of symptoms was more prolonged 
than m the unilateral neurinomas of the Vlllth N without peripheral 
neurofibromatosis The most common symptom was that of lan- 
cinating pain in one side of the face, mterraittent and paroxysmal in 
character, usually involving the distribution of the three branches of 
the trigeminal nerve This pain was less apt to remit spontaneously 
than m the so-called “idiopathic” tic douloureux, and the intensity 
and frequency of the attacks were quite severe Involvement of other 
cranial nerves was infrequent in spite of the relatively large size of these 
tumors at the recess Auditory and labyrinthine manifestations were 
rare and when present tended to take the form of Meniere’s disease 
Subjective involvement of other cranial nerves or of the cerebellar 
pathways was practically absent Objectively one was surprised at the 
paucity of signs Papilledema was extremely rare Only four cases 
shoved objective evidence of affection of the Vth N Clonic con- 
tractions of one side of the face and unilateral facial weakness occurred 
in isolated cases Diminution of heanng was also quite rare Cere- 
bellar signs were very uncommon and pjnramidal signs were almost ml 
In most of these patients the true nature of the condition was not 
suspected as the diagnosis of either tic douloureux or Meniere’s disease 
vas made from the historj'' and physical findmgs These tumors ap- 
parentty produced httle or no erosion of the poms acusticus as evi- 
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denced either by x-ray or at operation When auditory or labyrin- 
thine disturbances were present as the initial symptoms it was 
somewhat difficult to difEerentiate them chmcally from the acoustic 
neurinomas The essential difierential points are the younger age 
of onset, the longer duration of symptoms, the absence of headaches 
and negative x-ray findings The diagnosis of these lesions is ex- 
tremely important smce they are benign and easily extirpated Not 
a single mortality was recorded in this group 

MENINGIOMAS 

Thirteen cases (6 3 per cent) comprise this group As noted before, 
they occurred with the same frequency as the pearly body tumors 
Likewise, females were affected more often than males in the propor- 
tion of 10 3 No history of mfection was ehcited, but there was 
history of trauma to the head with loss of consciousness m one case 
In contradistmction to the cholesteatomas the right side was affected 
almost mvariably, only three cases occurring on the left 

The average age of the patients on admission was 50 3 years, the 
youngest 21 and the oldest 71 The average age of the appearance of 
symptoms was 46 3 years, the oldest 69 and the youngest 19 The 
average duration of symptoms was four years 

Symptojnatology Auditory and labyrinthine disturbances were the 
initial symptoms m six Dimmution of hearing was the most pre- 
dominant subjective manifestation of Vlllth N involvement, being 
present in eight Tinnitus was less common, occurring m three 
cases, in two of which it was simultaneous with the hearing loss while 
it followed vestibular disturbances m one Dizziness could be elicited 
in two, m one of which it was associated with hearing loss and m the 
other represented the only acoustic symptom Similarly, true rotary 
vertigo was present m two cases, m one of which there was tmmtus 
without hearmg loss, and m the other both tinnitus and hearing loss 
The preoperative diagnosis of Meniere’s disease was made m these two 
cases 

Tiigeminal symptoms occurred as frequently as the auditory mani- 
festations and were present m ten cases, representmg the initial 
symptoms in four The most predominant complamt was that of 
paroxysms of pain, which was elicited in five Subjective numbness 



DHTERENTIAL DIAGNOSIS OF TUMORS 


195 


of the face was present m the remainder It is interestmg to note that 
numbness and pam were not present together The pain was more 
apt to remit and less frequent than m the pearly body tumors Tic 
represented the mitial symptom m four cases while numbness followed 
auditory disturbances m five In one mstance tic douloureux ap- 
peared simultaneously with the auditory disturbances 

The next most frequent symptom was that of cerebellar origm It 
was present m eight and represented the mitial symptom m two 
Clumsiness of one arm or unsteadmess m waUang was the usual 
complamt It occurred sunultaneously with tngemmal symptoms m 
one and followed disturbances of the Vlllth N m six 

In contradistinction to the pearly body tumors, headaches were a 
common feature m the menmgiomas and occurred in eight cases It 
was the initial symptom in one and occurred mitially either with the 
cerebellar or auditory manifestations m three It is mteresting to 
note that all cases complaining of numbness of the face had headaches, 
w'hereas only one case with tic douloureux complained of this symptom 
Headaches were mostly suboccipital but m one case they were both 
frontal and occipital Two patients complained of pain behind the 
ear In half of the cases headaches were increased by coughing, 
strammg or change of position 

Diminution of vision was present in almost 50 per cent of the cases, 
and one patient was blmd on admission This symptom came as a late 
manifestation Involvement of other cranial nerves was rare Clonic 
twitchmgs of the face on the affected side was present m one case who 
had predommantly auditory disturbances Dysphagia and dysarthria, 
although late manifestations, were more frequent and occurred in 
four cases There was no subjective evidence of pyramidal tract or 
sensory manifestations m the body or extreimties Hypothalamic 
symptoms such as obesity, somnolence, amenorrhea, polydypsia and 
polyuria were present m one case m whom the diagnosis of pituitary 
adenoma was suspected, but obviously these were due to pressure from 
a dilated third ventncle 

Signs Two patients were drowsy on admission Dimmution of 
Msion was corroborated m five, and one patient was completely blmd 
Bilateral papilledema was present m four Secondary optic atrophy 
and profuse retinal hemorrhages m two There was no significant 
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variation m the visual fields, and there were no disturbances of the 
extra-ocular movements 

The Vth N was found to be objectively afiected in seven cases 
Unilateral sensory changes in the face with dimmished or absent 
comeal reflexes were ehcited m six, while bilateral mvolvement was 
corroborated m one In two of these cases there was also mvolvement 
of the muscles of mastication Only one patient complammg of tic 
douloureux showed any sensory loss on the face 
Facial paralysis was more common than m any of the preceding 
groups and was present m seven cases, partial m five and complete m 
two In only one could loss of taste on the anterior two-thirds of the 
tongue without evidence of facial weakness be corroborated 
In nine cases there was either marked dimmution or absence of 
hearing on the affected side The hearing loss was unilateral m all 
but in one who showed bilateral diminution of hearmg An absent 
vestibular response accompanied every case with hearing deficit One 
case with normal hearmg showed no response to caloric stimulation 
Paralysis of the palate was elicited in one 
Objective cerebellar manifestations were present m seven cases, 
being unilateral m five and bilateral m two Horizontal nystagmus was 
predominant in six, while coarse nystagmus was present m only one 
case Pyramidal signs were infrequent, appearing in two cases, uni- 
lateral and bilateral respectively Sensory changes were even more 
uncommon and were present in one on the same side as the lesion 
X-rays were taken in six of these patients and only one showed 
destruction of the petrous pyramid In two there was marked en- 
largement of the sella turcica and the remamder were normal 
At operation all the tumors were totally removed except m two 
instances m which there was extension of the neoplastic process to the 
middle and anterior fossae The operative mortahty was quite high, 
five of them dymg immediately after the operation In fact, the 
mortality m this group is the highest of the series This may be 
explained by the extreme hardness, vascularity and proximity to the 
transverse smus of most of these tumors, which make their removal a 
most arduous and hazardous procedure Cushing (2) however, con- 
siders them one of the most favorable ones at the recess 

Comments In conclusion, we have that females were vastly more 
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often affected than males The average age at the onset of symptoms 
V, as 46 3 years with a duration of 4 years The age at the onset was 
therefore in an older group than m the preceding ones, while the 
duration of symptoms approached closely the duration m the solitary 
acoustic neurinomas The right side was predominantly affected 
Auditory and labynnthine disturbances represented the most common 
initial manifestation, and at times they were the only symptoms and 
signs present on admission, making the diagnosis of Meniere’s disease 
almost a certainty Trigeminal symptoms, although less frequent as 
initial manifestations, were as frequent m incidence as the auditory 
complamts Several cases, in fact, complamed mainly of tic dou- 
loureux, and with this diagnosis they were operated upon Cerebellar 
disturbances and headaches were rare as initial symptoms but occurred 
later with relative frequency Headaches were more common m this 
group than m the cholesteatomas and almost as frequent as m the 
solitary acoustic neurmomas Objectively we find more or less the 
same pattern of findmgs as m the acoustic neurmomas The most 
promment involvement was that of the auditory nerve, although m a 
few cases there was no affection of either the cochlear or vestibular 
component m contradistmction to the neunnomas of the Vlllth N 
The Vth N was affected next in order of frequency The facial nerve 
was more commonly affected than in any of the group Papilledema 
and cerebellar signs were more frequent than m the pearly body tumors, 
but as common as in the neurmoma group Involvement of other 
cranial ner\'es, sensory and pyramidal signs were very uncommon 
Roentgenologic evidence of erosion at the porus acusticus was m- 
frequent 

The differential diagnosis of these tumors from the acoustic neuri- 
nomas may be difficult, m many cases, however, we might make an 
accurate diagnosis if we remember that the menmgiomas occur in a 
higher age group, that the Vllth N is more commonly affected, and 
that radiographic erosion of the porus is quite rare 

GLIOMAS 

Gliomas at the recess are less numerous than the previous tumors 
in spite of the relative frequency of neoplasms of the ghal group 
ansmg from the cerebellum and brain stem m childhood and adoles- 
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cence The locus of origin of these tumors is most likely from either 
of these two structures, but we could well expect mtrmsic ghomas of 
the acoustic nerve if we bear m mind that the extracannahcular portion 
of the Vlllth N is covered mostly by ghal tissue (1, 10) The oc- 
currence of these mtrmsic tumors is extremely rare ard a smgle report 
was not found m the literature One case occurred m tbig senes 
arismg from the Vlllth N 

Twelve ghomas (5 9 per cent) at the cei.ebellopontile recess were 
found m this senes, and the individual types will be iscussed separately 
as they present interesting characteristics 

1 Astrocytomas 

Five cases (2 4 per cent) comprise this group, all females Three 
were present on the right and two on the left No history of trauma 
or infection could be ehcited comcidental to the mitial symptoms 
The average age of the patients on admission was much younger than 
in any of the precedmg groups of miscellaneous tumors, eg, 29 4 
years, the youngest 7 and the oldest 50 The average age at the onset 
of symptoms was 26 3 years, the youngest 6| and the oldest 41 The 
duration of symptoms was 3 1 years, the shortest 2 months and the 
longest 9 years 

Symptomatology The most common subjective disturbances on 
admission were those referable to the Vlllth N which were present 
m all cases They represented the initial complaint m four Uni- 
lateral dimmution of hearmg and tmnitus were present together m 
three and as isolated manifestations m two Vestibular disturbances 
on the other hand were conspicuously absent Cerebellar manifesta- 
tions were the next most common and followed in every case the 
symptoms referable to the Vlllth N This in itself was rather sur- 
prising considermg that these tumors arise either from the cerebellum 
or brain stem Trigemmal symptoms were less common and were 
present in three cases They never represented the mitial symptom 
One patient complained of typical tic douloureux and the other two 
of subjective numbness of the face on one side Symptoms referable 
to the Vlth N were present m three cases, in one of which they repre- 
sented the initial manifestation A history of facial weakness was 
also elicited in three, one of them showing spasmodic contractions of 
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the facial muscles on the ipsilateral side The IXth and Xth nerves 
vere subjectively involved in one case Involvement of the Xlth and 
Xnth ner\^es was absent PjTamidal and sensory changes were 
present contralaterally m one case Headaches appeared in two 
cases, generalized in one and bifrontal m the other, and represented 
the mitial symptom m one 

Signs AH patients were conscious, alert, and cooperative on admis- 
sion The olfactory nerve was not found mvolved objectively and 
\asion was good m all cases There was bitemporal hemianopsia for 
color in one patient m whom X-ray exammation showed enlargement 
of the seUa and destruction of its floor, undoubtedly due to pressure 
from an enlarged third ventricle Bilateral papdledema was present 
in two No abnormahties of either the Illrd or IVth cranial nerves 
could be found Four cases had ipsilateral absent comeal reflexes 
and sensory changes on the face Involvement of the Vlth N was 
corroborated in three, ipsilateral in two, and contralateral m one 

The Vnth N was affected m all cases The facial paralysis was of 
the peripheral type, partial m four and complete m one Diminution 
of hearing was elicited in four patients No heanng deficit was found 
in one patient but he complamed of tinnitus on admission It is 
unfortunate that vestibular tests were performed m only one case 
with deficient hearmg The calonc response was normal m this case 
Involvement of other cranial nerves could not be discovered on 
examination 

There were bilateral pyramidal signs m one case with contralateral 
sensory changes Cerebellar disturbances were constant, bemg 
present in all Unilateral ataxia was uniform, while nystagmus was 
present in tliree The nystagmus was of the horizontal type 

These tumors were fibrillary astrocytomas Three seemed to anse 
from tlie undersurface of the cerebellar lobes, one from the brain stem 
and another one from the ^TIIth N 

Comments Astrocytomas at the angle produemg symptoms similar 
to acoustic neunnomas are rare and occurred in 24 per cent of the 
cases Females were selectively affected The average age at the 
onset was 26 3 jears and the duration of sjmptoms 3 1 years, these 
figures being definitely lower than the solitary acoustic neunnomas 
There vas no defiinite chronologic order of sjmptoms Auditory 
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manifestations represented the initial disturbance in three, diplopia 
in one and generalized headaches in another However, the auditory 
and cerebellar symptoms were the most frequent Objectively the 
only constant signs were those referable to the Vllth N and cerebellar 
pathways, the Vlllth and Vth nerves bemg affected next m order of 
frequency No changes were elicited on X-ray of the porus acusticus 
These tumors may be differentiated from the solitary acoustic neun- 
nomas by the younger age of the patient, the shorter duration of 
symptoms, the predommance of Vllth N and cerebellar signs, and by 
the absence of x-ray changes of the porus acusticus 

2 Astroblastomas 

Just one case of this kmd appeared in our senes, compnsmg 0 5 per 
cent For purpose of sunplification it is summarized immediately 

Case report F Q , W M , 18, Hist No U-52914— Admitted on 
December 27, 1933, with the history that for one year previous to 
admission he had been complaining of intermittent attacks of pro- 
jectile vomitmg, without nausea, which gradually had become more 
frequent Periodic attacks of occipital headaches increased by 
straining had been present for seven months Headaches were 
accompanied by intermittent diplopia Increasing weakness and 
clumsmess of the right arm and leg for four months Marked stiffness 
of the neck for two weeks On admission the physical exammation was 
negative The neurologic examination showed bilateral papilledema 
with a small hemorrhage in the left disk, horizontal nystagmus, dimin- 
ished right corneal reflex , diplopia in all fields of vision without definite 
paresis of E 0 M , normal heanng but absent vestibular response 
bilaterally, ataxia of right arm and leg, staggermg gait and positive 
Romberg X-rays of the skull not taken Preoperative diagnosis 
right cerebellar glioma with possible extension to the angle Opera- 
tion (Dec 28) bilateral cerebellar approach A large tumor found 
in the right recess Tumor apparently arose from the cerebellum 
pressing tightly agamst bram stem and shghtly attached to it The 
Vllth and Vlllth cranial nerves were distorted by the mass Com- 
plete removal by careful dissection Weight 17j gms Histological 
diagnosis astroblastoma Postoperative convalescence was good 
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l\Ticn last seen, twelve years after the operation, he w'as perfectly 
well except for a residual facial paralysis on the right 

Commcnls The differential diagnosis m this case w^ould not be 
difficult if we consider the young age of the patient, the prominence of 
symptoms of increased intracranial pressure from the onset, the short 
duration of symptoms, the absence of auditory disturbances, and 
the predommance of signs referable to the Vth and VI th cranial nerves 
as w’ell as the cerebellar pathways Marked papilledema W'as present 
The good result m this case proves that it is always worthwhile to 
attempt a complete removal of ghomas at the angle 

3 Mednlloblasioma 

This group is comprised of three cases (1 5 per cent) One female 
and tw'o males were affected In one the symptoms were coincidental 
wnth trauma to the head on the affected side The nght side was 
invariably involved The average age of the patients on admission 
w'as 30 6 years, the youngest 23 and tlie oldest 38 The average age 
at the onset w'as 28 1 years, the youngest 21 and the oldest 33, and 
the duration of sjouptoms was 2 5 years, the shortest 5 months and 
tlie longest 5 years Auditory disturbances, peripheral facial weakness 
and cerebellar manifestations represented the initial symptoms in 
these three cases respectively Symptoms referable to the Vlllth 
N were present in all cases bilateral tmnitus present in one and 
unilateral deafness in tw'o There were no vestibular disturbances 
Cerebellar manifestations and subjective involvement of the Vth and 
VTIth nerves occurred in two cases Headaches were a late sjTnptom 
and were present in tw'o Dysarthria w^as present in one case There 
w as no subjective involvement of the pyramidal or sensoiy tracts 

Stgus The patients were conscious and alert on admission Anos- 
mia was not elicited in any of the cases Disturbances to the Vth 
and Vnith neiv^es as w'eli as unilateral cerebellar signs were present 
in all The comeal reflex w'as absent in two, and sensory changes on 
the face were elicited in each case There w'ere no abnormalities of 
the extra-ocular mo\ements Facial paralysis w’as present in two, 
being partial and complete in each case respectively Unilateral 
nerve deafness was uniformly present Calonc tests were performed 
m one case and showed absent x'estibular response on the same side 
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as the defective hearing Umlatenal ataxia and nystagmus were 
present m every case There were no pyramidal or sensory changes 
in the body or extremities X-rays of the skull were reported as 
negative in all the cases 

At operation typical medulloblastomas were found arising from 
either the brain stem or cerebellum All patients were discharged in 
an improved condition, but adequate follow-up studies were carried 
in only one case who died 5 years after the operation with mas sive 
recurrence 

Comments Medulloblastomas are essentailly tumors of childhood 
It IS surprising that the only three cases found in these series occurred 
at a much later age, e g , 28 1 years On the other hand it is also 
surprising that in these rapidly growing neoplasms the average dura- 
tion of symptoms was 2 5 years These figures correspond closely 
to the astrocytoma senes and are much lower than the unilateral 
acoustic neurinomas Although auditory involvement was a constant 
sign it represented the initial symptom in only one case Vth N and 
cerebellar signs were likewise present in all three cases Papilledema 
was uniformly absent No X-ray changes were found No definite 
conclusions can be drawn from this small group of cases but these 
tumors apparently may be differentiated from the acoustic neunnomas 
by the earlier age of onset, the shorter duration of symptoms, the low 
incidence or absence of papfiledema and the lack of changes at the 
porus as evidenced by X-ray examination 

4 Ependymomas 

Two cases (0 9 per cent) occurred m this group, both of them bemg 
in males 37 and 48 years of age on admission The average age at the 
onset of symptoms was 40 years with a duration of 2 5 years The 
right and the left side were respectively affected Dimmution of 
hearing and numbness of the face were the initial symptomatology in 
one, while severe generalized headaches represented the first manifesta- 
tions in the other Dysphagia, dysarthria and cerebeUar disturbances 
were present in both, occurring as late manifestations There was 
history of intermittent contraction of the face in one 

Stgns On admission both patients were alert and cooperative with 
no impairment of vision and no papilledema Unilateral involvement 
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of the Vth, Vllth, Vlllth, IXth and Xth cranial nerves was present 
in both cases, as well as unilateral cerebellar signs Horizontal 
nystagmus could only be elicited in one Vestibular tests were 
performed on one who showed no response on either side X-rays of 
the skull were normal in one while the other showed erosion of the 
porus acusticus 

At operation t 3 rpical ependymomas were found at the angle extend- 
ing from the fourth ventncle mto the recess One patient is hvmg 
and well at the end of one and a half years No follow-up studies 
were earned on in the other 

Comments The age of these two cases falls approximately m the 
same group as the unilateral acoustic neurmomas, but the duration 
of symptoms was much shorter In one the diagnosis of an acoustic 
neunnoma could have been easily ruled out as auditory disturbances 
were a late manifestation Another difierential point from the 
acoustic neurmomas m both cases was the absence of papilledema m 
the presence of such marked mvolvement of the cramal nerves 

5 Ghohlasloma miiUtJorme 

They were extremely rare m this senes which is not surpnsmg if we 
consider that they are primarily tumors of the cerebral hemispheres 
Only one case (0 5 per cent) was found 

Case report J F K ,W M ,37, Hist No 11874 — Admitted Apr 30, 
1927, with the history that for four years he had been suffenng from 
gradual dimmution of hearing on the right which became complete m 
SIX months One year after the onset of hearmg difficulties he had 
paralysis of the nght side of the face which was complete in a few 
days and subsequently remamed unchanged For two and a half 
years there had been mtermittent headaches at the vertex accompamed 
by dizzmess whenever he moved his head Gradual blumng of 
vision for one year On admission the physical exammation was 
negative The neurologic exammation revealed bilateral papdledema, 
horizontal nystagmus, absent nght comeal reflex and hypesthesia of 
nght face , complete penpheral Vllth N paralysis, complete nght nerve 
deafness, absent vestibular response on the nght, dysmetna and 
asynergia in nght arm and leg and a positive Romberg X-rays of the 
skull not reported Operation (May 5) bilateral cerebellar ap- 
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proach Ventricles were large and fluid spurted under considerable 
pressure A large tumor was found at the nght recess invading the 
spinal canal It was slightly attached to the brain stem from which 
it was dissected The tumor appeared to be attached to the dura 
and indented the internal auditory meatus It was completely re- 
moved Weight 39 gms Histological diagnosis glioblastoma 
multiforme Postoperative convalescence was good and the patient 
was discharged on the 24th postoperative day No follow-up 
Comment It is inconceivable that a tumor of this kmd should have 
a history of four years’ duration although it might have represented 
in its mcipient stage one of the more benign gliomas which underwent 
malignant changes later Clmically it was difficult to distinguish 
from the unilateral acoustic neurmomas except for the earlier age at 
the onset of symptoms and by the fact that the facial paralysis was 
complete This case proves how futile at times a clinical differentia- 
tion may be 


ABSCESSES 

As mentioned above, abscesses, although inflammatory m nature, 
may behave like any tumor at the recess and therefore must be con- 
sidered in the differential diagnosis Four such cases (2 per cent) 
comprise this group Two of them were metastatic, secondary to a 
pyogenic focus elsewhere in the body, while the other two were direct 
sequelae of a middle ear infection Three males and one female were 
affected The nght and left sides were involved m an equal number 
of cases 

In the otogenic abscesses symptoms appeared one week and nine 
years respectively after the onset of the primary infection In cases 
where the primary source was remote, e g , osteomyelitis of the femur, 
the onset of symptoms started 6 and 15 months respectively after 
the original infection The average duration of symptoms m three 
was three weeks, while in the other was four years The average age 
on admission was 17 5 years, the youngest 11 and the oldest 22 The 
age at the appearance of symptoms was 16 1 years, the youngest 10 
and the oldest 21 5 Facial paralysis was the initial symptom m two, 
unilateral dimmution of hearmg m one, and generalized headaches in 
another Cerebellar manifestations were present in two, appearing 
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late in the course of the disease There was no subjective involvement 
of the Vth N in any of the cases Unilateral dimmution of hearing 
was present in one case and diplopia m another Otherwise subjective 
manifestations of cranial nerve involvement were rare 

Signs Only one case was drowsy on.admission, the others were alert 
and cooperative Varying elevation of temperature was present in 
three with moderate leucocytosis Bilateral papilledema with hemor- 
rhages and exudates was found in three and bilateral Illrd N palsy 
in one Unilateral absence of the corneal reflex was elicited m one 
and bilaterally m another No sensory changes on the face could be 
demonstrated Paralysis of the Vlth N occurred m one case on the 
same side as the lesion Penpheral facial paralysis was the most 
constant sign It was found in aU, complete m two and incomplete 
in the remainder Hearing was absent in two with total loss of 
vestibular response The left vocal cord was affected m one Py- 
ramidal signs were present in two, always contralateral to the lesion 
Cerebellar signs were as common as the Vllth N involvement occur- 
ring in all The ataxia was unilateral and on the same side as the 
lesion Nystagmus appeared m two cases 

X-rays of the skull were uniformly negative 

At operation the unilateral cerebellar approach was used m two and 
the bilateral in the others Only the patients in whom the bilateral 
approach was used survived and are stiU living one and four and a 
half years respectively after the operation In two the offending 
organism was Staphylococcus aureus, m one Staphylococcus albus 
hemolyticus, and no cultures were reported m the other 

Comments Four cases with abscesses at the cerebellopontile recess 
have been analyzed In one case the diagnosis of acoustic neunnomas 
was made due to the long duration of s)rmptoms and to the predomi- 
nance of the auditory disturbances, although another lesion should 
have been suspected if the early age of onset had been considered 
In the other three the diagnosis of an abscess at the angle was sus- 
pected due to the early age of the patients, the short duration of 
symptoms, the febrile condition with leucocytosis and the unilateral 
neurologic signs In all cases a primary pyogenic focus was found 
either m the middle ear or was an osteomyehtic process in the long 
bones Therefore, a young patient with a focus of infection m the 
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body presenting unilateral cranial nerves and cerebellar involvement 
should be regarded potentially as harboring an abscess at thecere- 
bellopontile recess 

How infection finds its way into the angle has been explamed by 
others (6) In the otogenic abscesses two avenues of spread have 
been described 1 osteomyehtis of the petrous tip, and 2 by local 
extension through the internal auditory canal Thus a Grademgo’s 
S 3 uidrome may precede the symptoms of a lesion at the recess 

When the abscess is secondary to a remote infection, it must be 
metastatic, the metastases takmg place m all probability to a cere- 
bellar lobe from which it invades the angle or ruptures into it producing 
a localized collection of pus surrounded by dense fibrous adhesions 

MISCELLANEOUS TUMORS 

This group IS comprised of three cases a sarcoma of the meninges, 
a carotid body tumor, and a mahgnant melanoma which are sum- 
marized below 


1 Sarcoma of the meninges 

Case report A R , W M , 11, Hist No 356553 — Admitted July 6, 
1945, with the history that nme months before admission he had a 
sudden paralysis of the right side of the face which was diagnosed as a 
Bell’s palsy One and one-half months later almost constant attacks 
of rotary vertigo, bifrontal headaches, nausea and vomitmg and some 
staggermg on walkmg appeared The diagnosis of right otitis media 
and mastoiditis was made elsewhere and a sunple mastoidectomy on 
the right performed, followed by a simple mastoidectomy on the left 
one month afterward FoUowmg these operations the vertigo dis- 
appeared, but the headaches and vomiting persisted with subsequent 
loss in weight One month before admission he developed a bilateral 
convergent squint and the staggermg became worse and more pro- 
nounced to the right Vomitmg had been almost continuous for a 
week On admission the physical examination showed a chronically 
ill boy with a normal temperature and white cell count There was no 
evidence of chronic ear infection A marked laceration of the right 
cornea was found The neurologic examination showed moderate 
engorgement of the retinal veins, bilateral Vlth N paralysis, complete 
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on the right and partial on the left, absent nght corneal reflex, analgesia 
and anaesthesia on the whole right side of the face, marked weakness 
of the right masseters and pterygoids, complete right peripheral 
facial paralysis with loss of taste on the anterior two-thirds of the 
tongue, neurogenic type of deafness on the nght, paralysis of the 
right palate, and marked ataxia on the right X-rays of the skull 
showed a destructive process mvolvmg the right petrous ridge, extend- 
mg along the middle fossa, obhteratmg the foramina m the base and 
extendmg as far forward as the posterior border of the antenor fossa 
First operation (July 7) right cerebellar approach Resection of the 
cerebellar cap A large, reddish, extremely hard tumor was found 
at the recess which was considered inoperable and no attempt was 
made to remove it Postoperatively patient’s condition was worse 
with mcreasmg drowsmess and three days later it was decided to make 
an attempt to remove the neoplasm Second operation (July 10) 
The wound was reopened The tumor had made a tremendous 
erosion at the poms and could not be shelled from the base even 
after hberatmg the margins A large part of the tumor was cut away 
with the knife and scissors Postoperatively the child never regained 
consciousness and died twenty-four hours after Permission for 
necropsy was not granted Histological diagnosis of the tumor 
sarcoma of the meninges 

Comments It was obvious from the history of the patient that this 
did not represent an acoustic neurmoma His age, the early appear- 
ance of sjmiptoms of increased mtracranial pressure, the complete 
facial paralysis and the rapid progression of symptoms made the 
diagnosis of a neurmoma quite improbable The possibility of an 
abscess at the recess was considered but was discarded m the presence 
of such marked erosion of the base of the skuU. which made the diagno- 
sis of a highly mahgnant lesion, possibly an osteogenic sarcoma, the 
most hkely 

2 Carotid body tumor {penthehoma of the carotid gland) 

Although there are several mstances in the literature of tumors 
arismg from the carotid gland mvading and erodmg the skull, a 
single case was not encountered where this kmd of neoplasm was 
found within the cranium without demonstrable signs of its presence 
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m the neck The following case is an example of such an occurrence 
which IS reported in detail because of its rareness 
Case report W B,W M, 38, Hist No U-7229— Admitted Aug 30, 
1926, with the history that twelve years previously he had developed 
sudden hoarseness with slight dysphagia which had since remained 
unchanged Two years later, following an attack of influenza, he 
became deaf on the nght The tympanic membrane was punctured 
at that tune, and following this an intermittent, chronic discharge had 
been present He had had for eight years periodic attacks of vertigo 
(? rotary) accompanied at times by staggenng to the right These 
attacks occurred in the beginning about twice a month, but for one 
year previous to admission they occurred from two to three times a 
week, followed at times by profound unconsciousness lasting for one 
hour Persistent diplopia for eight months Severe suboccipital 
headaches which had been almost constant, accompanied by marked 
exacerbations of vertigo, at times so severe as to keep hun awake most 
of the night, had been present for four weeks Two days before 
admission he became increasingly drowsy On admission the physical 
examination was essentially negative No masses were palpable in 
the neck and there were no visible pulsations The neurologic exami- 
nation showed bilateral papilledema of 1 D , more pronounced on the 
right, complete right VlthN paralysis, complete neurogenic deafness 
on the right with absence of vestibular response on the same side, 
paralysis of the nght palate and vocal cord, marked atrophy and 
paralysis of right stemomastoid and trapezius, atrophy of right side 
of the tongue and shght dysmetna and asynergia of the right arm 
X-rays of the skull showed an enlarged sella turcica but no data was ’ 
given as to views of the base Preoperative diagnosis cerebello- 
pontile angle tumor Operation (Sept 4) bilateral cerebellar ap- 
proach A big tumor found in the right recess There was furious 
bleedmg from the tentorial veins on retractmg the cerebellum, so 
much m fact that a quick enucleation of the tumor with the finger was 
attempted Enucleation was difficult The tumor had eroded the 
base of the skull and apparently mvaded the deep muscles of the neck 
and extended mto the lateral smus Uncontrollable, exsangumatmg 
hemorrhage occurred and the patient died on the operating ffible 
Autopsy was obtained but unfortunately was hmited to the head 
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Autopsy findings There was a ragged hole about 2-3 cm m diameter 
m the base on the skull at about the position of the jugular foramen on 
the nght and mushy-lookmg tissue could be seen projecting from it 
Some of the tissue in the neck was removed through the hole in the 
skull, but it looked like normal muscle Between cerebellum and 
medulla on the right there was a gouged-out cavity from which a 
tumor had been removed On section the aqueduct was compressed 
and distorted but not occluded No evidence of tumor was seen 
mvadmg the bram stem or cerebellum Microscopic examination 
“Tumor has a framework which divides it up into rather small areas 
which are somewhat rounded and apparently surrounded by a con- 
tinuous cleft There are channels hke blood vessels running through 
such areas They have rather thick walls and not very conspicuous 
endothelium The remamder of such areas is made up of strands of 
small masses of quite large cells with vesicular nuclei which do not 
stain very deeply, and with a finely granular cytoplasm suggesting 
the presence of fat In sections of tissue from the neck the tumor is 
found m a large vem No tumor tissue can be seen m the lymph 
glands ” Diagnosis carotid body tumor 

Comment This case might have been diagnosed as a neurinoma 
arising from the Xth N if the initial symptoms of hoarseness and 
dysphagia had been considered The prolonged duration of symptoms 
without earlier signs of increased mtracranial pressure makes this 
diagnosis somewhat doubtful The diagnosis of a carotid body tumor 
with invasion of the angle could not have been made m the absence 
of a palpable mass m the neck The site of origm of this tumor can 
be only a matter of conjecture, the most plausible explanation is that 
it origmaUy arose from displaced fragments of chromafiSn cells in or in 
the neighborhood of the jugular foramen, producing early unilateral 
pressure on the glossophaiyngeal and vagus nerves The slow growth 
into the cranium explains the late appearance of other neurologic 
manifestations 

3 Mahgnanl melanoma 

Case report J B , W M , 62, Hist No 130428 — ^Admitted Feb 14, 
1938, with the history that four months previously he had developed 
pronounced numbness in the left hand which lasted for three weeks 
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and reappeared three weeks before admission Diplopia, sudden loss 
of heanng on the right, dizzmess m change of position of the head, and 
staggermg to the right on walking had been present for four weeks 
No headaches On admission the physical exammation was negative 
The neurological examination showed a rhythmical horizontal nystag- 
mus, weakness of the left side of the face, peripheral m type, total 
nerve deafness, right, absence of vestibular response on the right, 
ataxia of the right arm and astereognosis m left hand Operabon 
(Feb 15) ventncular air injection performed Ventncles were 
normal Unilateral cerebellar exploration performed on the right 
side At the recess a dark reddish-brown tumor extending from the 
Vlllth to the Xth N was seen and did not seem to infiltrate either 
the cerebellum or brain stem Tumor was shelled out completely 
Weight 3 4 gms Histological diagnosis metastatic mahgnant mel- 
anoma The patient was discharged m apparently good condition, 
but died suddenly at home three months after operation No autopsy 
performed 

Comments The rapidity of symptom m quite an elderly mdividual 
should have made the diagnosis of a metastatic lesion at the cerebello- 
pontile recess quite obvious, even m the absence of clinical evidence 
of a primary source The sensory changes in the left hand in the 
absence of evidence of pressure of the tumor on the brain stem at 
operation point to a small metastasis m the nght panetal lobe in 
spite of the normal air studies The late appearance of heanng 
difi&culties would exclude a tumor ansmg from the Vlllth N 

CONCLUSIONS 

1 The age of onset and duration of symptoms are the most impor- 
tant points in the differential diagnosis of tumors at the cerebello- 
pontile recess 

2 In the first two decades of life we have shown that the most 
common tumors are the unilateral acoustic neurinomas with penpheral 
neurofibromatosis, the bilateral acoustic neurmomas and abscesses 
The average duration of symptoms of ten, five and one years respec- 
tively help m their differential diagnosis 

3 Gliomas at the recess occur predommantly between twenty and 
thirty years of age with a duration of symptoms varying from one to 

three years 
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4 Between thirty and forty years of age the unilateral acoustic 
neurinomas, without peripheral neurofibromatosis, and the cholestea- 
tomas are most commonly found The former occur m the late 30’s 
with an average duration of symptoms of four and a half years, while 
the latter start to manifest themselves m the early 30’s with an average 
duration of symptoms of seven years 

5 The meningiomas have the same average duration of symptoms 
as the unilateral acoustic neurmomas but they appear mostly between 
forty and fifty years of age 

6 After the age of fifty, tumors at the cerebellopontile recess are 
uncommon 

7 There is no specificity m chronology of symptoms Perhaps the 
only differential pomt is that most cases of acoustic neurinomas mitiate 
their s 3 miptoms with auditory and/or labyrmthme disturbances, but 
we have seen that this is also true, although in a lesser degree, of the 
menmgiomas and ghomas 

8 When the imtial s 3 miptom is characterized by tic douloureux or 
other symptoms referable to the Vth N we should suspect either a 
cholesteatoma or a neurmoma arising from the Vth N 

9 The neurologic examination shows the same variation m signs m 
different tumors at the recess except m the cholesteatomas in which 
Vlllth N mvolvement is rare while mvolvement of the Vth N is 
quite common 

10 When X-rays of the base of the skuU show erosion of the porus 
acusticus we must conclude that we are dealmg with an acoustic 
neurmoma, as it is present m fifty per cent of these tumors and rarely 
in the rest 


SUMMARY 

1 Two hundred and five cases of tumors of the cerebellopontile 
recess, verified at operation at The Johns Hopkms Hospital m a period 
of twenty years, have been analyzed 

2 Their mam differential characteristics have been discussed 
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In beginning a study of the renal blood flow in patients with con- 
genital cyanotic heart disease, the clearance of para-aminohippuric 
acid was used for the determination of effective renal plasma flow and 
the functional capacity of the tubular excretory system (1) Sodium 
thiosulfate clearance was employed to measure glomerular filtration 
Thiosulfate clearance has recently been estabhshed as an accurate 
estimate of glomerular filtration by Gilman, Newman and co-workers 
(2, 3) Its advantage over inulin and mannitol clearances lies in the 
ease and accuracy of the chemical determination of thiosulfate Simul- 
taneous clearances of para-ammohippuric acid (PAH) and sodium 
thiosulfate were carried out according to the general technique outlined 
by Homer Smith and associates (1) 

It was noted in these clearances that the determmation of sodium 
thiosulfate in serum filtrates containing high concentrations of PAH 
gave unsatisfactory checks m duplicate aliquots Satisfactory checks 
were obtained with low concentrations of PAH and m serum blanks 
contammg no PAH 

It was also observed that the second thiosulfate determmation in 
duplicate ahquots of the filtrates containing excessive PAH gave a 
value consistently higher than the first The only variant m the 
detenmnation of the duplicates was the length of time of acidification 
before titration 

These observations prompted an mvestigation of the effects of (I) 
varymg concentrations of PAH, and (2) varjrmg time mterv'^als of 
aadification, on sodium thiosulfate titration values in aqueous, serum 
and plasma solutions of known concentration 

213 



214 


STUART R ELLIOTT, II, AND H WILLIAM SCOTT, JR 


METHODS 

Para-ammohippunc acid was determined by the method of Smith, 
Finkelstein, Aliminosa, Crawford and Graber (1) Sodium thiosulfate 
was determined by the “mdirect” method recommended by Newman, 
Gilman and Philips (3) for the low thiosulfate levels found in serum 
In this procedure proteins are precipitated with sodium tungstate and 
sulphuric acid After centnfugation a 10 ml ahquot of the super- 
natant fluid IS added to 10 ml of 0 01 normal potassium lodate solution 
and acidified with 2 ml of 2 normal hydrochloric acid The mixture 
IS allowed to stand for at least five minutes Then 2 ml of freshly 
prepared 10 per cent potassium iodide are added The hberated 
lodme IS immediately titrated with 0 01 normal sodium thiosulfate, 
with the addition of a few drops of 1 per cent fresh starch solution as 
indicator when the iodine color fades According to Newman et al (3) 
the reactions involved are the following 

2KIO3 + NaaSsOa + 2HC1 = NajSO^ + K2SO4 + H2O + 2IC1 
2KI -f 2ICI = 2I2 -f- 2KC1 
2KIO3 + lOKI + 12HCI = 6I2 + 12KC1 + 6H2O 
2Na2S203 + I2 = NajSiOs -|- 2NaI 

The formula for the calculation of concentration in milligrams per cent 
IS 

, 1 58 

Standardizing titration — unknown titration X 

10 100 X 10 

^ Standardizing titr cc of filtrate aliquot used 

PREPARATION OE SOLUTIONS 

In this senes of experiments a stock 100 mg per cent sodium thiosulfate solu- 
tion (156 9 mg NaoSzOs SHiO and 10 mg NasCOs dissolved m 100 ml distilled 
water) and a stock 750 mg per cent para-ammohippuric acid solution (375 mg 
para-aminohippunc acid dissolved m 50 ml distilled water with the aid of sodium 

carbonate) were prepared j r 

In the plasma and serum experiments two variations were employed in me 
first 35 ml of serum or citrated plasma and 10 ml of the 100 mg per cent sodium 
thiosulfate solution were mixed with either 5 ml of the 750 mg per cent para 
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aminohappunc acid solution, 5 ml of some dilution of this solution, or with 5 ml 
of distilled water in 50 ml volumetric flasks Serum or cArated plasma blanks 
consisted of 35 ml of serum or citrated plasma and 15 ml distilled water To 
an aliquot of these stock serum or citrated plasma solutions was added seven vol- 
umes of water, one volume of 5 per cent sodium tungstate solution and one volume 
of one-third normal sulphuric acid solution After centrifugation and filtration, 
aliquots were used for sodium thiosulfate determinations In another aliquot of 
the stock serum or citrated plasma proteins were precipitated with acid cadmium 
sulfate and sodium hydroxide solutions and the filtrate was used to estimate the 
PAH level In the second variation suitable portions of dilutions of the stock 
solutions were added to serum and oxalated plasma, whose protein ivas then pre- 
cipitated ivith sodium tungstate and sulphuric acid solutions as above Thus in 
both cases sodium thiosulfate and PAH were present at the time of protein pre- 
cipitation and were not added afterwards 

In the case of aqueous solutions, 10 ml of the 100 mg per cent sodium thio- 
sulfate solution ivere diluted to 50 ml in a volumetric flask and 25 ml of this were 
diluted to 250 ml , or 5 ml of the stock 100 mg per cent sodium thiosulfate solu- 
tion were diluted directly to 250 ml in a volumetric flask PAH was either added 
before diluting by using a suitable quantity of the stock solution or the necessary 
amount of powder was weighed out and dissolved in the diluted sodium thiosulfate 

The 0 01 N potassium lodate solution was obtained by diluting the 0 1 N stock 
solution (3 567 grams potassium lodate dissolved in one liter distilled water) ten- 
fold on the day of use The 10 per cent potassium iodide solution was prepared 
in small amounts, was kept in a brown bottle m an ice bath and was used not longer 
than one hour after preparation The starch solution was prepared freshly each 
day and was centrifuged before use The sodium thiosulfate solution used for the 
titration of the liberated iodine was made more than 0 01 N and its true concen- 
tration was determined with the 0 01 N potassium lodate A 10 ml micro burette, 
graduated to fiftieths of a milliliter, was employed and readings were made to 
hundredths of a milliliter All titrations were performed at room temperature in 
the absence of direct sunlight An interval timer w’as used to measure the time 
betw'een the addition of the acid and of the potassium iodide which was immediately 
followed by titration of the liberated iodine 

EXPERIMENTAL PROCEDURES AND RESULTS 

Control experiments were set up which used water, serum and plasma 
solutions of sodium thiosulfate m a concentration of 20 mg per cent 
This level represents the desirable range of thiosulfate concentration 
for the measurement of glomerular filtration rate m man (4) Equiva- 
lent solutions of sodium thiosulfate were prepared contammg low, 
intermediate and high concentrations of PAH Titrations m duplicate 
(occasionally in triphcate) of sodium thiosulfate in filtrates of these 
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solutions were then performed after intervals between acidification 
and titration of 1, 2, 3, 5, 15, 30 and 60 minutes Correction was made 
for the serum or plasma blank titration in each instance (3) 

A few experiments were conducted along exactly similar lines with 
sodium thiosulfate in 40 and 60 mg per cent concentration 
The results of these experimental determinations are presented m 
Table I m summary form For each set of observations there is pre- 
sented the average determination, the range and the number of de- 
termmations In 105 determinations of the aqueous controls (20 mg 
per cent sodium thiosulfate solutions contaimng no PAH) the average 
IS 19 90 mg per cent with a range of 19 3 to 20 7 mg per cent The 
average for the aqueous 40 mg per cent sodium thiosulfate control 
contammg no PAH (20 determmations) is 39 77 mg per cent with a 
range of 39 4 to 40 4 mg per cent The average for the aqueous 60 
mg per cent sodium thiosulfate controls containing no PAH (18 deter- 
minations) IS 59 32 mg per cent with a range of 58 8 to 60 0 mg per 
cent 

It will be assumed that if the average of a set of determinations falls 
outside of a range of two per cent greater to two per cent less than the 
respective control average, there is a signifiicant difference between 
that set and the control set For 20 mg per cent sodium thiosulfate 
this range is 19 5 to 20 3 mg per cent, for 40 mg per cent, 39 0 to 
40 6 mg per cent, for 60 mg per cent, 58 1 to 60 5 mg per cent 
In Figure 1 the effect of high and low concentrations of PAH on 20 
mg per cent sodium thiosulfate determinations is plotted as a function 
of the time between acidification and titration From the graph it is 
seen that in the presence of high concentrations of PAH the apparent 
sodium thiosulfate levels increase rapidly with tune This occurs in 
water, serum and plasma solutions With low concentrations of PAH 
this increase in apparent sodium thiosulfate levels is manifested to a 
limited extent in plasma solutions but is not observed in serum and 
water solutions The use of plasma is not recommended, since 
oxalate and citrate appear to augment the false elevation 
Essentially the same results are obtained with 40 and 60 mg per cent 
sodium thiosulfate in aqueous and serum solutions containing high 
concentrations of PAH 

The false elevation of aqueous sodium thiosulfate levels increases 
slightly with increased sodium tbosulfate concentration when the 
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The effect of varying the concentration of para-aminohippiiric acid and varying the interval 
bettveen acidification and titration on the calculated concentration of sodium 
^ thiosulfate 


Tfi-DE 
MG % 
SODIUM 
THIO- 

MG 

% 

PAH 

MEDIA 

CALCULATED MG 

PER CENT SODIUM THIOSULFATE USING VARYING INTERVALS 
BETWEEN ACIDIFICATION AND TITRATION 

SUXFATE 


1 mm 

2 mm 

3 miD 




60 mm 




Water 

19 88 

19 78 

19 92 

19 85 

20 05 

19 88 

19 98 

Aver 






20 5 

20 4 

20 2 

20 2 

20 2 

Max 






19 3 

19 4 

19 7 

19 6 

19 5 

Mm 





(5) 

(13) 

(28) 

(12) 

(11) 

(12) 

N 



Water 

20 17 


20 03 

19 83 

20 06 

20 59 

20 56 

Aver 


mmti 













20 6 


20 4 

20 2 


22 0 

21 2 

Max 




19 8 


19 7 

19 5 


19 8 

19 6 

Mm 




(6) 


(6) 

(6) 


(7) 

(8) 

N 


75* 

Water 

20 28 



22 09 

23 83 

26 15 

28 13 

Aver 


75* 











75* 


20 7 


21 6 

22 6 

24 4 

26 8 

29 4 

Max 




19 5 



21 6 

23 2 

25 4 

27 0 

Mm 




(6) 


(6) 

(7) 

(6) 

(6) 

(6) 

N 

20 0 

0 

Plasma 

19 70 


20 03 

20 26 

20 27 

20 53t 

20 73t 

Aver 




20 6 


20 6 


21 1 

m 

21 5 

Max 




19 0 


19 3 


19 8 


19 9 

Mm 




(6) 


(6) 


(6) 

m 

(6) 

N 

20 0 

2 27 

Plasma 

19 38 


20 20 

20 97 

20 50 

21 30t 

21 65t 

Aver 


2 85 


20 0 


20 6 

21 4 


21 9 


Max 




18 8 


19 6 

20 6 


20 7 


Mm 




(4) 


(4) 

(6) 


(4) 

(4) 

N 

20 0 

69 5 

Plasma 

19 97 


21 72 

22 26 

24 67 

27 67t 

29 48t 

Aver 


74 0 











75* 





22 6 

25 7 

28 1 

30 4 

Mar 







21 5 

23 5 

26 1 

28 0 

Mm 




(6) 


(6) 

(8) 

(6) 

(6) 

(6) 

N 



Serum 

19 22 

19 52 

19 20 

19 98 

19 70 

19 60 

19 90 





19 8 

20 0 

19 3 

20 4 


19 7 

19 9 





18 3 

19 2 

19 1 

19 2 


19 5 

19 9 





(9) 

(5) 

(3) 

(9) 


(2) 

(2) 

N 
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TSU£ 
MG % 

somvu 

THIO- 


MC 

% 

7AH 


CALCTJLATED MG PER CXKT SODHTM THIOSULFATE USING VARYING INTERVALS 
BETWEEN ACIDIFICATION AND TITRATION 


SULFATE 



1 m n 

2 mm 

3 mm 

Smm 

15 mm 

30 mm 

60 mm 


20 0 

2 41 

Serum 

19 IS 

19 46 

19 S3 

19 90 

19 80 

20 00 

20 60 

Aver 


2 94 










2 96 


19 6 

19 8 

20 0 



20 2 


Max 


3 02 


18 4 

19 2 

19 1 



19 9 


Min 




(12) 

(7) 

(6) 



(4) 

(4) 

N 

20 0 

m 

Serum 

19 69 

20 24 

20 43 

22 12 

23 70 

25 40 

27 70 

Aver 












73 6 


20 0 

20 8 

20 5 

22 8 


25 5 

28 1 

Max 




19 2 

19 8 

20 3 

20 9 


25 3 

27 3 

Min 




(9) 

(5) 

(3) 

(9) 

(2) 

(2) 

(2) 

N 



Water 

39 64 

1 


39 8 

39 92 


39 4 

39 84 

Aver 





39 8 


40 4 



40 4 

Max 





39 4 


39 5 



39 4 

Mm 




(5) 

(2) 

(1) 

! (6) 


(1) 

i 

(5) 

N 

40 0 

73 2 

Water 

39 74' 

40 37 

41 61 

42 59i 

47 22 

50 08 

51 64 

Aver 


75* 











75* 


40 2 

40 6 

42 5 

43 3 

47 6 ’ 


S3 9 

Max 




39 2 

40 0 

41 0 

41 8 

46 7 

49 2 

46 3 

Min 




(7) 

(6) 

(7) 

(9) 

(6) 

(6) 

(7) 

N 



Scrum 

39 53 

39 87 

n 

40 50 

38 7 

39 5 

40 3 

Aver 




39 6 

40 0 


41 4 




Max 




39 4 

39 8 






Mm 




(3) 

(3) 

(2) 

(6) 

(1) 

(1) 

(1) 

N 



Serum 

40 20 

' 41 47 


mi 

1 49 7 

51 3 

56 10 

Aver 


■ 


m 

42 0 

42 2 

43 5 



56 4 

Max 




39 8 

41 2 

42 0 

43 5 



55 8 

Min 


■ 


(3) 

(3) 

(2) 

(2) 

(1) 

(1) 

(2) 


60 0 


Water 

59 2) 

' 59 4( 

) 59 4t 

) 59 4( 

' 59 2C 

I 59 30 

59 10 

Aver 




59 6 

59 8 

59 6 

60 0 

59 2 

59 6 

59 4 

Max 




58 8 

59 2 


58 8 

59 2 

59 0 

5? 8 

Min 




(3) 

(3) 

(3) 

(3) 

(2) 

(2) 

(2) 

N 
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TABLE I — Concluded 


TBUE 
UG % 
SODIUM 
THIO- 
SULFATE 

MG 

% 

PAH 

i 1 

MEDIA 

1 

1 

1 

CALCULATED MG 

PERCENT SODIUM THIOSULFATE USING VARYING INTERVALS 
BETWEEN ACIDIFICATION AND TITRATION 

1 min ' 

2 mm ' 

1 

3 mm 




60 nun 

1 


60 0 

i 

75* 

1 Water 

59 87 

60 47 

61 00 

62 47 

67 90 

72 10 

76 90 

Aver 




60 0 


61 2 

62 8 



77 6 

Max 




59 8 


60 6 

62 0 



76 2 

Mm 



i 

(3) 


(3) 

(3) 

(2) 

(2) 

(2) 

N 

60 0 

0 

Serum 

59 60 

59 93 

60 30 

60 47 

59 5 

60 1 

60 5 

Aver 




60 4 

60 2 

60 6 

60 8 




Max 




58 9 

59 6 

60 0 

60 0 




Mm 




(3) 

(3) 

(2) 

(6) 

(1) 

(1) 

(1) 


60 0 

75* 

Serum 


61 47 



69 0 

74 5 

80 00 

Aver 




60 6 

61 8 



j 


80 1 

Max 




60 0 

61 2 

62 8 



1 

79 9 

Mm 


1 


(3) 

(3) 

(2) 

(2) 

(1) 1 

(1) 

(2) 

N 


Aver = average, Max = maximum, Mm = minimum, N = number of determina- 
tions, Min = mmute(s) 

* ^Velghed All other concentrations were determined colorimetrically 
t Opalescent when titrated 

PAH concentration is maintained at 75 mg per cent However when 
the sodium thiosulfate concentration is maintained at 20 mg per cent 
while the PAH concentration is vaned, the false elevation is nearly 
proportional to the PAH concentration in the range of 35 to 75 mg per 
cent This false elevation amounts to 0 03 mg per cent sodium thio- 
sulfate for each mg per cent PAH present m the undiluted material 
An attempt was made to determine the minimal concentration of 
PAH required to produce a false elevation of the aqueous 20 mg per 
cent sodium thiosulfate level The false elevation was equivocal at 
25 mg per cent PAH but was definite at 35 mg per cent PAH using a 
5 minute interval between acidification and titration 

COMMENT 

Smce the false elevation of the sodium thiosulfate level m the 
presence of high concentrations of PAH increases with the time that 
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elapses between the addition of acid (reaction I above) and the addition 
of potassium iodide (reactions II and III above), a reaction must occur 
between PAH and either potassium lodate, iodine monochloride or 
both Regardless of the specific nature of the reaction, it gives rise 
to a decreased amount of liberated iodine and therefore a decrease m 
the amount of sodium thiosulfate required for titration, thus mdicating 
an incorrectly high concentration of sodium thiosulfate 



Fig 1 The Eteect oe High and Low Concentrations of PAH on 
Sodium Thiosulfate Determinations Plotted as a Function 
OF Time Between Acidification and Titration 

In addition to para-aminohippunc acid, ^-NH2C6H4CONHCH2COOH, several 
chemically similar compounds at approximately the same concentration produce 
a similar false elevation of the sodium thiosulfate level when the latter is measured 
by this method These compounds include aniline hydrochloride, C6 HbNH 2 HCl, 
para-aminobenzoic acid, /»-NH2C6H4COOH, para-aminobenzenesulfonic acid 
(sulfanilic acid), ^-NH2C6H4S03H, para-aminobenzenesulfonamide (sulfanil- 
amide), /1-NH2C6H4SO2NH2, 2-sulfanilyl aminothiazole (sulfathiazole), p NHo- 
S CH 

C6H4SO2NH — C CH, as well as phenol, CgHbOH, and ^-hydroxyphenyla- 
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lanme (tyrosine), ^-HOC6H4CH2CH(NH2)COOH When one ot these aromatic 
compounds at the same concentration is subjected to the entire procedure in the 
absence of sodium thiosulfate, a titration value identical with that of acidified 
potassium lodate alone is obtained, even if a sixty minute interval between acidi- 
fication and titration is employed This would indicate that the side reaction is 
not oxidation by potassium lodate, but rather some reaction involving iodine 
monochloride which is produced when sodium thiosulfate is present In the case 
of phenol and tyrosine halogenation of the ring, analagous to bromination of 
phenol, is the most likely reaction Nascent iodine reacts slowly with PAH 
However, halogenation of the ring is probably not the reaction in the case of the 
amines because both acetanilide, CHaCONHCeHs, and para-acetylaminohippunc 
acid, /1-CH3CONHC6H4CONHCH2COOH, cause no false elevation of the thiosul- 
fate levels although both compounds should halogenate Similarly the substitu- 
tion of chlorine for one of the hydrogens attached to the amine nitrogen group 
should not be prevented by acetylation of the amine However, if the reaction is 
oxidation of the amine by iodine monochloride, acetylation should prevent this, 
just as acetylation prevents the oxidation of aniline w'hen the latter is nitrated with 
concentrated nitric acid, a strong oxidizing agent 

No elevation of the true sodium thiosulfate level W'as observed w'lth a similar 
concentration of aminoacetic acid (glycine), NH2CH2COOH, urea, NH2CONH2, 


creatine, NH2C(NH)N(CH2COOH)CH3, creatinine, 


CH2--NCH3 

\ 

C=NH, 

/ 

CO NH 


guanidine hydrochloride, (NH2)2 CNH HCl or glutamic acid, HOOC(CH2)2- 
CH(NH 2 )C 00 H 


A chemical method is available for the determination of sodium 
thiosulfate in which no iodine monochloride is formed This is the 
“direct” method given by Newman et al (3) for use with urine or the 
“iodide” method of Gilman et al (2) for plasma filtrates and urme 
These procedures vary only in the amount of potassium lodate used, 
since in each the matenal to be titrated is alkahmzed before the addi- 
tion of the appropriate amount of potassium lodate solution, so that no 
iodine monochloride can be produced Then potassium iodide and 
hydrochloric acid are added m that order The liberated iodine is 
immediately titrated with sodium thiosulfate When the titration is 
performed immediately, a multifold excess of PAH causes no elevation 
of the true concentration of sodium thiosulfate However, smce this 
method is only an eighth as sensitive as the indirect method, it is not 
suitable for such low concentrations of sodium thiosulfate as 20 mg 
per cent 
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PAH IS reported to cause false elevations of mannitol determination 
when these substances are used together m clearances Early m 1947 
Barker and Clark (5) observed an elevation of 0 25 to 0 30 mg per cent 
in the true mannitol level for each mg per cent PAH present in low 
intermediate and high concentrations The method for determining 
mannitol involves the oxidation of mannitol by a known excess of acid 
potassium periodate solution with the aid of heat The potassium 



MINUTES BETWEEN ACIDIFICATION AND TITRATION 


Fig 2 Comparison Between the Efeects or PAH and Acetylated 
PAH ON Sodium Thiosuleate Determinations 


lodate which is formed plus the residual potassium penodate is then 
determined by thiosulfate titration Barker and Clark attributed 
the false elevation of mannitol values to the oxidation of PAH by 
penodate 

These authors developed a modified method for mannitol determma- 
tions in which PAH is acetylated and in this manner they are able to 
avoid false elevations of mannitol Similarly acetylated PAH causes 
no false elevation of sodium thiosulfate values as illustrated in Figure 2 
An attempt was made to introduce acetylation of PAH mto the in- 
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direct procedure for thiosulfate determination However, under the 
conditions employed in several experiments only irregular partial 
recovery was obtained with known sodium thiosulfate solutions con- 
taining high concentrations of PAH 

As suggested by Newman (4) coolmg of the ahquot of serum filtrate 
in an ice bath for at least one hour pnor to the addition of potassium 
lodate and hydrochloric acid permits the use of a five minute interval 
at room temperature when the PAH concentration is 75 mg per cent 
In the absence of PAH cooling does not appear to appreciably affect 
either the deterrmnation of the serum blank or the determination of 
sodium thiosulfate in serum filtrates As would be expected, warming 
of the ahquot greatly increases the false elevation of the sodium thio- 
sulfate level 

If the entire procedure, with the exception of the titration of the 
liberated iodine, is performed in the dark the same false elevation is 
observed as when light is present In an effort to reduce the PAH 
concentration of the ahquot to a level at which it would not interfere, 
threefold ddution of the ahquot was made before the addition of 
potassium lodate and hydrochlonc acid After five minutes the 
iodine was hberated and immediately titrated The false elevation is 
thereby diminished by approximately one mg per cent With sixfold 
dilution no further depression of the false elevation is observed Two- 
fold dilution does not dimmish the false elevation at all 

CONCLUSIONS 

1 In the presence of high concentrations of PAH false elevations of 
sodium thiosulfate levels occur when the “indirect” method of New- 
man et al IS used 

2 These false elevations increase with the time interval between 
acidification and titration in the “indirect” method of thiosulfate 
determination 

3 In order to obtain accurate values for sodium thiosulfate m the 
presence of PAH by this method the following factors must be ob- 
served 

(1) With low PAH concentrations the time interval should be, 

(a) Five minutes for serum filtrates 

(b) Three minutes for citrated and oxalated plasma filtrates 
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(2) With high PAH concentrations the tune interval should be, 

(a) One minute for uncooled serum and plasma filtrates 

(b) Five mmutes for thoroughly chilled serum filtrates 

4 Acetyl-PAH does not cause false elevations of sodium thiosulfate 
levels, and a satisfactory method for acetylation of PAH in this pro- 
cedure IS needed 


SUMMARY 

The effect of para-aminohippunc acid on sodium thiosulfate deter- 
minations in renal clearance studies has been assessed False eleva- 
tions of thiosulfate are observed in the presence of PAH under certain 
conditions Investigation of these elevations is detailed and sugges- 
tions are made for their avoidance 

We are indebted to Dr Elhot V Newman, Dr J Logan Irvin and 
Dr Richard J Bmg whose helpful advice and criticism aided greatly 
in this project 
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The search for an antibacterial, antipruntic agent efficacious in the 
treatment of otitis externa has been a continuous one The multi- 
phcit}’’ of medications now m use is sufficient proof of this statement 
The development of Iso-Par has provided us with a valuable addition 
for therapy of this obstinate condition This article reports the 
results obtained with this ointment m acute and chronic otitis externa 
No attempt was made at selection of patients nor was emphasis placed 
upon the bacteriological findings Instead, the clinical picture and 
course were the determmmg factors m evaluation 
Reardon (1) found that the use of Iso-Par was far supenor to any 
other tjTie of treatment he had used previously in his expenence with 
otitis externa m the army Durmg a period of two years in the tropics, 
he was able to observe several bundled patients with disease He 
concluded that the ointment was definitely beneficial, non-toxic, 
locally anesthetic, and bactencidal m its action 
Iso-Par IS a suspension of paraffinic acids m a base of lanohn and 
petrolatum Although in vitro tests are inconclusive, definite bacten- 
cidal and fungicidal properties may be assigned to this omtment 
The routine office treatment was simple and expedient With 
alcohol soaked applicators the ear canal was carefuUy cleansed of aU 
debris and discharge A thm coatmg of ointment was then apphed 
This procedure vas repeated m the clinic durmg the acute phase of 
the infection as often as necessary Later the patient vas instructed 
in the application of the omtment at home Supportive symptomatic 

• Iso-Par IS a niLxture of water insoluble isoparaffimc acids partially neutralized 
with uooc\Ul ht droxj benzj 1-dialiphatic amines Iso-Par unguentum contains 
1 7 per cent of Iso-Par and 4 per cent of titamum dioxide m an omtment base con- 
sisting of beeswrax, cetjl alcohol, lanohn, and petroleum U N R , 1947 p 90 
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care in the form of heat, aspirin, and codeine was prescribed as indi- 
cated 

Subjectively, the annoyance of itching and the relief of pam were 
noticed usually after the initial application of the ointment With 
the abatement of these symptoms it was much easier to care for the 
affected ear on the succeeding visits In those patients suffering from 
recurrent mfections, the prophylactic use of Iso-Par once a week was 
advised 

Forty-one patients are considered in the present report Many 
others were treated but did not return to the clinic Twenty-three acute 
and eighteen chronic cases of otitis externa are summarized A case 
was classed as chronic if symptoms had persisted over three months 
or history indicated the mfection was a recurrent one For study, a 
division was made accordmg to the severity of the mfection Thus, 
the mild cases were those patients who exhibited some itchmg and 
occasional discharge from the ear The patients who had findings of 
moderate discharge, redness, edema, and complained of pam were 
considered moderately severe infections All those with the above 
findings present, plus evidence of a cellulitis of the soft tissues of the 
ear canal and surrounding area, were classed as severe 

In the accompanying table, it will be seen that the patients’ ages 
varied from eleven to seventy years Except for two circumscribed 
infections, the usual picture was that of diffuse involvement Twenty- 
nine, or almost two-thirds of the cases, were of the “moist” variety, m 
contrast to the dry or non-eczematous type seen m the remamder 
The former are usually most resistant to therapy 

Followmg the regime as outhned, it was possible to class twenty-five 
or sixty per cent as cured, ten or twenty-four per cent as improved, 
and SIX or only sixteen per cent as unimproved No average length 
of treatment period could be established Some patients required 
constant care over a two month period before finally clearing, while 
others required therapy for only five to seven days 

The results of the senes reported here are m agreement with the 
impressions gained by Reardon Iso-Par has proven to be of defi- 
nite value m the treatment of otitis externa No sensitization to 
the drug was seen It reheved pain and pruntis by its local action 
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A high percentage of cures was effected within a minimum of tune 
It should be considered a valuable aid m therapy of otitis externa 

REFERENCE 

1) Reardon, Wm T Useof Iso-Par Ointment in the Treatment of Otitis Externa 
Arch Otol , 45 294, March 1947 
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Pam, as a subjective experience, is a complex phenomenon Psy- 
chologists still express some disagreement about whether pam is a 
sensation or an emotion Looked upon as a sensation it has, m com- 
mon with other sensations, a threshold, the possibihty of localization, 
as well as reference to a stimulus Unlike the other sensations, such 
as vision and touch, however, pam is involved much more closely 
with the center of personahty and has a good deal m common with 
some of the emotions such as fear and guilt Studies on pain m the 
physiological laboratory have almost entirely, but necessarily, been 
confined to the so-called “objective” data referable to thresholds, 
transmission of impulses, fatigabihty, and so on It has thus far not 
been possible for physiological methods to differentiate between the 
purely sensory component of pam and the “unpleasantness” or the 
“reaction to pam” of the emotional element This was placed m the 
realm of the psychologist (1) 

Rehef of pain is one of the primary concerns of the physician 
All analgesic drugs, of course, have their place m the treatment of the 
occasional mild pain or pam of short duration, but where one is dealmg 
with chronic or persistent pam the simpler analgesics are meffective, 
while the narcotics carry the grave danger of addiction Under these 
circumstances, the surgeon is frequently called upon to break the 
pathway of pam on the physiological level This involves nerve- 
block, root section, chordotomy, or even resection of the sensory 
cerebral cortex This surgical treatment, however, does not always 
produce the desired relief, either because of previous addiction to 
drugs, or because of the essentially subjective nature of the symptoms 
It IS important to bear in mind the difference between mere perception 
of pam and reaction to pam The latter includes not only certain 
autonomic reactions such as sweatmg or tachycardia, but also the 
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emotional and attitudmal reactions, such as anxiety, fear, panic or 
even prostration It is failure to control the latter that makes so 
many surgical measures for rehef of pam meffective 

Considerable progress has been made m the treatment of intractable 
pain by prefrontal lobotomy Freeman and Watts (2) noted that m 
their series of patients with nervous and mental disease upon whom 
prefrontal lobotomies were done, there were a number who had com- 
plained of unbearable pam It is important that the complamts of 
these patients seemed to be out of all proportion to the pamfuhiess of 
the condition giving rise to the complamts After operation not only 
were the complamts no longer heard, but nervous tension, anxiety 
and apprehension disappeared This experience led to the use of 
prefrontal lobotomy in patients who had intractable pam, but no 
nervous or mental disease which m itself justified lobotomy Poppen 
(3), Sargent (4), and others have reported strikmg rehef of painful 
conditions which had resisted other forms of surgical therapy, such as 
carcmoma, tabes dorsahs, and phantom hmb pam 

Our own experience thus far has been limited to patients with 
incurable cancer, all individuals whose life expectancy was relatively 
short In these patients it was clear that there was great pam, but 
nervous tension, apprehension and fear of pain all seemed to be factors 
of greatest importance 

Case Reports It is mteresting to consider the details in a few of our 
patients I have picked out five which should be of mterest 

Case 1 A A , WM, 62 Three years before admission this patient developed 
hematuria A bladder tumor was removed suprapubically in 1943 Five or six 
months before admission to the Brady Institute in October, 1946, he again devel- 
oped hematuria and more tumor was removed cystoscopically From then on he 
lost appetite, lost 20 pounds in weight and developed a rather severe low back pain 
which grew steadily worse When seen here a large bladder tumor was demon 
strated on the right side This was thought to represent an infiltrating carcmoma, 
grade C, inoperable Deep X-ray therapy was instituted, but the patient con- 
tinued to have severe pain in the back The patient was given 12 mgm of mor 
phme at first every four hours, later increased to every hour About one month 
after his admission to the hospital he developed severe pain and swelling of the left 
leg and became bed-ndden Inasmuch as this pain was unilateral and severe 
enough to cause increase of morphine administration to hourly intervals, a chor- 
dotomy was done A satisfactory level of analgesia was obtained, but the patient 
began to complain more than ever of pam in his back and now his right leg It w as 
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necessary to continue hourly hypodermics as before The patient was appre- 
hensive, in a constant state of anxiety, anticipating both his pain and his hypo- 
dermics Accordingly on January 8, 1947, three weeks after chordotomy, a 
prefrontal lobotomy was done The patient became disoriented and confused and 
was incontinent both of unne and feces These symptoms gradually improved 
Six veeks after operation there were still a few aberrations, such as an apparent 
desire to get into other patients’ beds, or to get into the tub for a bath and turn on 
the hot water without regard for burning himself From the moment of operation 
it was clear that he either had no pain, or that it did not bother him \Vhen asked 
whether he had pain he either denied it, or replied “Yes, but it doesn’t bother me ” 
Although he had received morphine or Schlesinger’s solution every hour for nearly 
two months before lobotomy, he did not now require even an aspmn tablet He 
was apathetic not only about the pain, but looked upon the hopelessness of his fate, 
and even impending death, with complete equanimity This in spite of a previous 
state of anxiety and great apprehension Only one glance at him sufficed to show 
that he was comfortable He was no longer bed-ridden, but could walk about 
quite normally His course after leaving the hospital on March 1, 1947, is 
unknown 

Case Z T B , CM, 58 This patient was admitted to the Osier Medical Service 
on August 29, 1946, complaining of pam m the chest and back of two months’ 
duration Four days before his admission he developed weakness and numbness 
of his legs Within twenty-four hours there was complete paralysis of the legs and 
anesthesia up to the umbilicus He developed a cord bladder and fecal incon- 
tinence On examination a carcinoma of the prostate could be palpated Sub- 
sequent biopsy revealed a poorly differentiated caranoma Spinal puncture re- 
vealed a complete block Because of the rapid course of the paralysis with fever 
and severe localized pain and tenderness at T6, a laminectomy was done with the 
hope of finding an epidural abscess, but none was disclosed Widespread bony 
metastases were later discovered The patient continued to have severe pain m 
his chest and he was placed on amidone m doses about equivalent to morphine 
This gradually became ineffective and by early November he was taking as much 
as 32 mgm of morphine every two hours Tubo-curare was also tried but was not 
significantly effective The patient was quite apprehensive and asked for his 
medicine by the clock On February 5, 1947, prefrontal lobotomy was earned out 
He became confused and disoriented, but gradually regained recognition of his 
family It is interesting to read the medical house-officer’s comments of two weeks 
after operation “Clinically Thomas is, of course, no better, and the appearance 
of his bed sores is appalling (he had, of course, had these before operation) Men- 
tally, however, he is indeed a new man He realizes that he is sick and that he is 
in pam from time to time, but it does not bother him one whit He tells us that 
he feels just fine and I’m sure he means it ” Because of apparent restlessness, two 
doses of sodium luminal were given m the seven weeks’ interval between his opera- 
tion and his death of generalized carcinomatosis 

Case 3 D L , WF 52 Two years before this patient’s admission to the hos- 
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pital she began to have attacks of sore throat and difficulty m swallowing In thp 
fall of 1945 she went to another chnic where a biopsy of a tumor in the neck was 
taken and she was told she had a carcinoma of the larynx X-ray therapy was 
given In April, 1946, she was given further X-ray therapy and a tracheotomy was 
done Three months prior to her first admission here she developed pains m the 
chest and paroxysmal painful coughing which was non-productive The pam was 
constantly increased by deep respiration There had been no loss in weight 
Admission to the Surgical Service took place on November 24, 1946 She had a 
tracheotomy tube m place No growth could be seen or felt in the neck No 
tumor of larynx or branchus could be found by bronchoscopy X-ray showed a 
mass in the right lower lobe of the lung On December 13, 1946, exploratory 
thoracotomy was performed and an inoperable tumor of the lung was found The 
tumor mass had eroded through the diaphragm to involve the liver There were 
large mediastinal nodes The patient was discharged on December 30, 1946, with 
the diagnosis of inoperable carcinoma of the lung Following discharge the patient 
gained a little weight, but had a frequent painful cough and almost constant com 
plaint of pain in the lower chest This spread up over the chest wall and began 
to involve the right arm She was taking narcotics about every four hours, was 
quite tense and feared her cough Pam gradually grew worse and she was read 
mitted on February 26, 1947 A week later prefrontal lobotomy was carried out 
Following this she had no complaint of pain and no sedatives were required On 
questioning at times she admitted having pain, but was obviously not uncom 
fortable Interestingly enough, once her apprehension was removed, her cough 
nearly ceased altogether The tracheotomy wound was closed This patient 
showed no confusion or disorientation She was the intelligent wife of an intelligent 
man Before discharge from the hospital on March 19, 1947, he was asked if he 
noted any change in her personality At first he said there was none, then modified 
the statement to say that perhaps there was but it was so subtle he could not tel! 
what it was The patient was usually continent at the time of discharge two weeks 
after operation, but still occasionally voided in bed 

Case 4 S S , WF, 61 This patient was admitted March 20, 1947, because of 
intractable pain in the face and head About three and one-half years before she 
had developed a painless swelling at the angle of the left mandible A sarcoma 
was removed and deep X-ray therapy, as well as Radon implantation was earned 
out For three years she had constant, severe pam involving the entire left side 
of the head There was continuous complaint The patient was worried Code 
me and cmpirm were taken in large doses Lobotomy was performed on March 
22, 1947 Her complaints of pain stopped instantly and no more medication was 
required On the fourth day after operation the patient began to run an unex 
plained fever, the cause of which was difficult to track down because there was no 
complaint of pam About two days later it was discovered that the patient a 
a diffusely tender and rigid abdomen X-rays revealed the presence of free ai 
beneath the diaphragm and the diagnosis of perforated peptic ulcer with pen o 

was made Because of the hopeless nature of the patient’s tumor, no g 
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therapy was instituted and she died on the tenth day after lobotomy Autopsy 
confirmed a perforation of a chronic peptic ulcer and showed a fibrmopuruient 
peritonitis In addition there was a fresh coronary thrombosis 

In view of the known excruciating character of the pain from an acute perfora- 
tion of a peptic ulcer, it is interesting that this patient made no complaint and 
seemed not uncomfortable Yet she reacted m perfectly normal fashion to palpa- 
tion of or pressure on the abdomen, wincing when this w^as done and showing the 
characteristic rigidity of the abdominal wall 

Case 5 MW, CF, 26 This patient was first admitted to the hospital in 1936, 
when she had several radical sinus operations, w’lth uneventful recox erv In 
January, 1947 she was readmitted with a history of frontal headaches for about 
one month X-rays showed what appeared to be a huge osteoma involving the 
left frontal bone, the orbit, and the floor of the anterior fossa of the skull In 
February, 1947, operative remoxal of the osteoma xx’as attempted, but was not 
successful because of the size, the infiltration and vascularity of the tumor Patho- 
logically It proved to be a carmoma, probably arising in the nasal sinuses The 
patient continued to hax'e severe pain in the face and the left frontal region On 
September 5, 1947, a prefrontal lobotomy xxas done The patient at this time was 
about seven months pregnant At the time of discharge, on the fifth postoperatix^e 
dav, she was confused, disoriented and incontinent, but had no pain When seen 
a xveek later she seemed very happy and the family felt she was getting along x^erj 
well xvithout medication On September 20, 1947, this patient was delix'ered of a 
normal, premature infant without anesthesia or analgesia, following a labor of fixe 
hours Her reactions to the labor pain were interesting in that they appeared to 
be those of a normal woman under the influence of sedation In other words, 
xvhen a pain came, she screamed and yelled in ordinary fashion, but as soon as the 
pain was over she relaxed in perfectly normal manner and had no fear or anticipa- 
tion about the next pain 

In addition to these five cases which have been described in some 
detail, there have been six others, with carcinoma of the kidney, the 
neck, breast, cervix and colon, and one case with a combined long 
standing carcinoma of the nose with a more recent carcinoma of the 
prostate One patient died of intracranial hemorrhage three days 
after operation, the others are either free of pain and receiving no 
medication, or have died of their cancer 

COMMENT 

Examination of all these patients after operation makes it clear 
that prefrontal lobotomy alters the individual’s reactions to pain 
without materially changing his ability to feel pain Ordinary tests 
of pain perception by pin-prick or other methods reveal that the 
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patients perception of pain is unchanged When stuck with a om 
such a patient will wince, but it may be difficult to make him ancrv 
by repeatedly sticking him The patient who died of peritonrtis 
tollowmg perforatron of a peptic ulcer showed a normal amount of 
enderness and rigidity in the abdomen, yet never once complained 
or abdominal pain 



Fig 1 Showing so-called ideal plane of section from coronal suture to sphe- 
noidal ridge 

From the study of our cases it becomes clear that the real indications 
for lobotomy m cases of intractable pain are based in large part upon 
the emotional component, i e , the “reaction” of the individual to his 
pain ■with anxiety, discouragement and apprehension Prefrontal 
lobotomy will eliminate this affective component m a striking manner 
In brief, it seems that when the fear of pam is abolished, the perception 
of pam itself is not intolerable In the words of Freeman and Watts, 
“Pain may be present, but when divorced from its implication—' 
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insecurity, disability, guilt, death — it then becomes bearable and 
may be accepted with fortitude ’ ’ The fear of impending death and 
the hopelessness of the situation are removed to the extent that the 
patient’s prognosis can be discussed with him quite openly and truth- 
fully He IS no longer afraid to die 

Prefrontal lobotomy relieves pain by interrupting the pathways at a 
psychologic rather than a physiologic level There is no specificity 



Fig 2 The section m this case was considerably anterior to the ideal, yet the 
patient was relieved of pain 

for pain, relief depends upon alteration of affective aspects of the 
personality For this reason partial lobotomies or attempted differ- 
ential lobotomies have thus far been unsuccessful All four quadrants 
of both frontal lobes must be severed There is much to learn, how- 
ever, about proper level of section Theoretically, a proper lobotomy 
involves severance of the white matter from the coronal suture to the 
sphenoidal ridge Whether this extensive procedure is always neces- 
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sary m patients with intractable pain remains to be seen It appears 
that the larger the section, the greater the alteration of personality 
The use of prefrontal lobotomy in patients with intractable pam 
has opened up a large field for study by psychiatric and psychologic 
methods Research on the influence of the frontal lobes on personality 
and intelligence now may be attacked m much more direct fashion 
This was not very often possible in the cases of lobotomy in psychotics, 
because proper pre-operative standards frequently could not be 
established The cases presented m this series were not suitable for 
such a study because in every case post-operative life e\pectancy 
was so short that, although the patient was relieved of pain, his 
psychic functions did not often have time to reach their ultimate 
base line Lobotomies done on patients with phantom limb pain, 
tabes dorsalis, or other non-lethal painful states will supply much 
more opportunity for study 
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The purpose of the present study is twofold (1) to determine the 
mechanism, significance, and management of the cardiac arrhythmias 
occurrmg during anesthesia and operation in children with congenital 
heart disease and cyanosis, and (2) to determme the pre terminal 
cardiac mechanism m the children who die during this period The 
importance of the latter problem, and what if anythmg might be done 
about it, IS established by the relatively high incidence of death durmg 
operation, exceeded only by cerebral thrombosis as a single cause of 
death m the operative senes 

The need for more adequate information concerning the cardiac 
mechanism during anesthesia and operation is apparent upon reviewing 
the available literature Widely varying opmions have been ex- 
pressed, with the result that a serious degree of confusion still exists 
about methods for the prevention and management of important 
cardiac arrhythmias Certam shortcomings, more or less common to 
the majority of the studies published, are probably responsible for 
these variations of opmion, and include the following (1) limited num- 
bers of cases, (2) insufficient control of numerous and important 
variable factors, (3) dependence on the results of animal experiments 
without any necessarily direct comparison with results in human sub- 
jects, and (4) frequent lack of direct electrocardiographic evidence to 
support proposed hypotheses Although it is not claimed that aU of 
these criticisms have been avoided in the present investigation, the 
unusual opportunity for studying the heart’s action dunng anesthesia 
and operation, especially under conditions of anoxia, has been pro- 
ductive of results which have appeared to be worthy of publication 

MATERIALS AND METHODS 

Patients selected for the study included 175 consecutive children 
with congenital heart disease and cyanosis submitted to the Blalock- 
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Taussig operation (8) for the correction of the abnormal circulatory 
dynamics of pulmonic stenosis with mtracardiac nght-to-left shunt 
Three standard extremity leads were recorded almost continuously 
using a direct-wnting electrocardiograph Preoperative medication 
consisted of morphine (1 mg per 5 kg body weight) and atropine 
(0 05 mg per 5 kg body weight) given hypodermically Induction 
was accomplished with cyclopropane and oxygen , and this mixture with 
the addition of ether in small amounts, given intratracheally, was 
contmued throughout operation except for changing m certain indi- 
viduals to ]ust ether and oxygen or occasionally to oxygen alone (12) 
Similar electrocardiographic records were made in a control group in- 
cludmg ligation of a patent ductus artenosus, 15 cases, surgical 
correction of coarctation of the aorta, 3 cases, and resection of the 
pericardium for constrictive pericarditis, 2 cases 

RESULTS 

The general incidence of disturbances of the cardiac mechanism 
during anesthesia and operation m this series of children with con- 
genital heart disease and cyanosis is approximately the same as m the 
non-cyanotic group and m other reported senes of various types of 
operations in which cyclopropane was the chief anesthetic agent (16) 
This observation would appear to confirm the statement that the 
anesthetic agent is of greater importance than the type of operative 
procedure in the production of cardiac irregulanties The types of 
disturbance in the cardiac mechanism are also generally similar to 
those reported in other studies (10, 16, 20, 30, 31, 32), and may be 
classified as follows 

1 Simple variations in rate 

Sinus tachycardia 
Sinus bradycardia 

2 Ectopic arrhythmias 

A Displacement of the normal pacemaker 
Atno-ventncular nodal rhythm 
B. Premature contractions and paroxysmal tachycardia 
Auricular 
Nodal 
Ventricular 
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3 Abnormalities of the form of the ventricular deflections 

Minor aberration of QRS 
Bundle branch block 
ST segment deviation 
T wave inversion 

4 Disturbances of conduction 

PR interval 
QT interval 

5 Terminal mechanisms 

Cardiac arrest 
Complete A-V dissociation 
Idioventricular rhythm 
Ventricular flbrfllation 

For further details reference may be made to Tables I and II 
Variations m heart rate with normal sinus mechanism are seldom of 
any significance Sinus tachycardia was found to occur during all 
stages of operation and could be attributed m many instances to the 
effect of atropine given either as a routine preoperative medication or 
during the course of anesthesia and operation Sinus bracycardia, on 
the contrary, was most frequently observed under circumstances 
apparently favoring vagal stimulation as evidenced by the fact that it 
was abolished in most cases by the administration of atropine (Fig 1) 
Ectopic arrhythmias are of two general types depending on their 
mode of origin They may result from (1) depression of the 
rhythmicity of the normal cardiac pacemaker (sino-auricular node) 
with supercedence of a center of otherwise lesser degree of rhythmicity, 
or (2) increased irritability of any portion of the heart, the new focus 
gaming control over the normal cardiac mechanism by virtue of its 
abnormal rhythmicity or by circus movement of the e\topic impulse 
Arrhythmias of the first sort were most common, occurring in more 
than half of the children In all instances this took the form of some 
type of nodal rhythm which maintained temporary control of both 
ventricles and auricles, the latter by retrograde conduction, or of the 
ventricles alone, the auricles responding to a slow sinus rhythm Vari- 
ous types of nodal rhythm observed included the following (1) nodal 
rhythm with absence of visible P waves which are presumably super- 
imposed in QRS (Fig lA and 2A), 24 7%, (2) classical AV nodal 
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TABLE I 


Number of cases 

Incomplete 

Total 

Regular throughout 

Displacement of the normal pace- 
maker 

Abnormal rate 
Sinus tachjcardia 
Sinus bradvcardia 

Premature contractions 
Auricular 
Ventricular 
AV nodal 

Aberration of QRS 

Bundle branch block 

Paro\> smal tachycardia 
Auricular 
Ventricular 

ST segment deviation 
T u avc inversion 

Prolongation of PR interval 
Prolongation of QT interval 

Sinus arrest 

AV dissociation 

Terminal asystole 

Ventricular fibrillation 


CYANOTIC 

TESmVAL 

NON C\ ANOXIC 

TER 

MINAL 

165 

10 

19 

1 

7 



0 


158 


10 

19 

1 

35 (22 1%) 


0 

5 (26 3%) 

0 

88 (55 7%) 

6 

(60%) 

6 (31 5%) 

1 

44 (27 8%) 

10 (100%) 

7 (37%) 


27 (17 1%) 

9 

(90%) 

6 (31 5%) 

1 

17 (10 7%( 

10 (100%) 

2 (10 5%) 

0 

14 (8 9%) 

5 

(50%) 

4 (21%) 

0 

1 (0 63%) 


0 

0 


12 (7 6%) 

3 

(30%) 

4 (21%) 


1 (0 63%) 

2 

(20%) 

0 


14 (8 9%) 

4 

(40%) 

3 (15 8%) 

0 

0 

2 

(20%) 

0 

1 

7 (4 4%) 

7 

(70%) 

1 (0 05%) 


7 (4 4%) 

2 

(20%) 

0 


0 

3 

(30%) 

0 

1 

7 (4 4%) 

3 

(30%) 

0 

0 

A 

2 (1 26%) 


0 

0 

u 

1 (0 63%) 


0 

0 

0 

n 

1 (0 63%) 


0 

0 


1 (0 63%) 

9 

(90%) 

0 

1 

0 

9 

(90%) 

0 

0 

0 

7 

(70%) 

0 

1 

0 

1 

(10%) 

0 

^ ,1 . 

0 

"P 


with inverted P waves -ther precedmg 

mterval or immediately QRS dissociation (Fig 7C 

19 0%, (3) AV nodal J ^ p waves and 

and D), 12%, (4) coronary nodal rhythm w P 
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short PR interval (Fig IG and 2D), 7 6%, and (5) high nodal rhythm 
with inverted P waves preceding QRS with a normal or only slightly 
shortened PR interval (Fig 6C), 5 7% Although these various 
types of disturbance appear superficially to represent a single basic 
mechanism, it seems hkely from a more detailed analysis that they 


TABLE II 



TOTAL NO 

ANESTHESIA 

MEDIAS 

TINAL 

EXPLO 

RATION 

ANASTO 

MOSIS 

CLOSING 

Displacement of normal pace- 






maker 

88 

36 

48 

49 

29 

Tachycardia 

27 

3 

2 

8 

1 



(4) 

(4) 

(4) 

(4) 

Bradycardia 

17 

8 

9 

0 

0 

Premature Contraction 


1 


1 


Auricular 

1 

0 

0 

1 

0 

Ventricular 

12 

4 

6 

2 

0 

Nodal 

1 

0 

1 

0 

0 

Aberration of QRS 

14 

2 

3 

2 

0 



( 7 ) 

( 7 ) 

( 7 ) 

( 7 ) 

Paroxysmal tachycardia 






Auricular 

7 

1 

1 

0 

5 

Ventricular 

0 

0 

0 

0 

0 

ST segment deviation 

7 

0 

0 

7 

0 

T ^\ave inversion 

2 

2 

(2) 

(2) 

(2) 

Prolongation of PR interval 

1 

0 

0 

1 

0 

Prolongation of QT interval 

1 

0 

0 

1 

0 


result from the interaction of at least two different mechanisms 
Thus, it was observed that the ventricular rate during AV nodal 
rhythm exceeded that during the preceding normal sinus rhythm in 33 
instances (25 5%), remained the same in 67 (51 9%), and was slower 
in 29 (22 6%) The latter group is probably the only one that repre- 
sents a true passive nodal rhythm, with depression of the normal pace- 
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maker (SA node) and supercedence of a center of lower rhythmicity 
(AV node) The first group, with a faster ventricular rate by virtue of 
an abnormally increased degree of rhythmicity of the AV node (Fig 
IE), appears to belong to what may more properly be termed an active 
ectooic nodal tachycardia The intermediate group probably com- 
prises both mechanisms, that is, abnormal depression of the rhyth- 
micity of the SA node together with abnormal acceleration of that of 
the AV node In support of the foregoing concept are data derived 
from an analysis of the response of the heart controlled by the AV node 
to the administration of atropine More than half of the cases (46, 
52 3%) reverted spontaneously to normal sinus rhythm, 19 (21 6%) 
reverted with atropine (Fig 2A and C) , 8 (9 1%) were basically un- 
affected by atropine, and 15 (17%) could not be classified In all 
instances of slow nodal rhythm, reversion to a normal sinus mechanism 
was accomplished by the administration of atropine, indicating that 
the stimulus for depressing the normal rhythmicity of the smo-auricular 
node was probably mediated by way of the vagus nerves Those that 
failed to respond to atropine, on the contrary, were all instances of fast 
nodal rhythm or nodal tachycardia, indicating that the primary 
mechanism in this group was something other than vagal depression of 
the normal cardiac pacemaker That vagal stimulation might be 
exertmg at least a minor influence in this group, however, was evi- 
denced by the fact that in several instances the ventricular rate, though 
still controlled by the AV node, became more rapid after the administra- 


Fig irk, Age 22 Years, Tetralog\ of T allot 
A \ Nodal Rhythm Lead 2 

A Nodal rhythm with absent P waves, rate 80, during anesthesia 

B Spontaneous normal sinus rhythm, rate 84 (without atropine) 

C Sinus bradicardia, rate 55, mediastinal exploration 

D Normal sinus rhythm after atropine, rate 84, difference in the form of the 
P waves from that of earlier and later portions of the record, mediastinal 
exploration 

E Past nodal rh\thm with P superimposed in QRS, rate 106, during 
anastomosis 

F Normal sinus rhi thm, rate 88 

G Nodal rh\ thm with dissociation, \anation in the relation of P to QRS, 
during anastomosis 

H Normal sinus rh\ thm, rate 94, closing chest 
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tion of atropine (Fig IE, 2C) Nodal rhythm of the various types 
listed occurred with nearly equal frequency during anesthesia and 
throughout all phases of operation and was not related to any specific 
operative procedure It may therefore be assumed that, while direct 
vagal stimulation as in mediastinal exploration and manipulation of 
the great vessels may be responsible for the occurrence of such arrhyth- 
mias, they may also result from action of the anesthetic agent mediated 
by way of the vagus nerves as well as by direct action on the myo- 
cardium and the specialized tissues of the heart The effect of pre- 
operative medication also must be considered, morphine tending to 
exaggerate the arrhythmias m part perhaps by vagal stimulation, and 
atropine failing to protect the heart against such irregularities in the 
amounts usually given (11) It may be stated that morphine is 
claimed to have a protective effect against ectopic arrhythmias such as 
cyclopropane-epinephrine tachycardia (3) 

Arrhythmias due to increased cardiac irritability, including pre- 
mature systoles and paroxysmal tachycardia, occurred in a total of 21 


Fig 2 Four Cases Demonstrating Various Tyres of Nodal Rhythm 
•1 T S , age 6 years, telialogy of Fallal Lead 3 
Normal sinus rhythm, rate 110, spontaneous variation in form of QRS 
Nodal bradycardia with absent P waves, rate 75, mediastinal exploration 
Normal sinus rhvthm after atropine 
B A 1/ , age Si years, letialogy of Fallot Leads 1, 2, and 3 
Normal sinus rhythm, rate 120 

Nodal rhj thm with inverted P wave preceding QRS by slightly shortened PR 
interval, opening of anastomosis 

C R K , age 15 years, Iclralogy of Fallot Lead 2 
Inverted P wave following QRS, rate 65, pre operative 

AV nodal rhythm w ith apparently “premature ’ systoles arising from normal 
pacemaker m SA node 

Nodal tachvcardia after atropine, rate 115 P waves at first inverted and 
follow ing QRS, later absent 
Normal sinus rhvthm, rate 106 
D M C ,agc 2 yea) s, tetralogy of Fallot Lead 3 
Normal sinus rhythm, rate 150 

Nodal rhvthm with upright P waxe preceding QRS with short PR intenal, 
rate 96, during anastomosis 

Nodal rfijliim, emergence of P wave from QRS 
Normal sinus rhxthm occurring spontaneousb , rate 150 
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patients (13 3%) Of the premature contractions, 12 of the 14 were 
ventricular, most occurred early m operation, and at least half were 
definitely due to cyclopropane, disappearing rather promptly after 
changing the anesthetic mixture to ether and oxygen (Fig 4) Auricu- 
lar premature systoles occurring in one case were due to direct stimula- 
tion of the right auricle, and nodal premature systoles m one were 
apparently the direct result of manipulation of the vagus nerve 
Paroxysmal tachycardia, except when arising m the AV junctional 
tissues, was of auricular origin in every case of the surviving group 
The majority of instances (5 of 7, 71 5%) occurred at the end of opera- 
tion during chest closure (Fig 3), one during anesthesia before the 
chest was opened, and one during mediastinal exploration and anasto- 
mosis The cause of this disturbance of the cardiac mechanism is not 
clear, although it is known, and was observed in this series, that 
stimulation of the vagus nerve tends to abolish the arrhythmia whereas 
paralysis of the vagus by atropine tends to perpetuate it 
Another type of disturbance of the cardiac mechanism, which can 
be detected only by electrocardiography, is the group of abnormalities 
of the form of the ventricular deflections In this group are included 
minor aberration of the form of QRS 14 (8 9%), ST segment deviation 
7 (4 4%), and T waxe inversion 2 (1 3%) Minor variations m the 
form of QRS, of academic interest but apparently of no great clinical 
significance, ranged from slight changes m the amplitude of the 
ventricular deflections (Fig 3B) to gross reversal of the direction of 


Fig 3 M W , Age 7 Years, Tetralogv oe Fallot 
ParoNAsmal supraientncular tachycardia uith reversion to normal after 
mtra\enous digitalis 

4 Leads 1, 2, and 3, normal sinus rhvthm, rate 125, pre operative 
B Leads 1, 2, and 3, spontaneous aberration of QRS (lead 1), nodal rhythm 
with interference dissociation (lead 2), nodal rhj'thm and ST segment depression 
(lead 3) , during anastomosis 

C Leads 1 , 2, and 3, nodal rhythm w ith upright P w aves and short PR interval, 
rate 150, depression of ST segments leads 2 and 3, completion of anastomosis 
D Leads 1, 2, and 3, paroxysmal supraxcntricular tachycardia, rate 300, 
chest closed 

L Lead 2, gradual emergence of P naxe to normal sinus rhjdhm after intra- 
venous digitalis (Lanatoside C) 

r Lead 2, normal sinus rhj thin, rate 130 
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QRS and consequently of the mean electrical axis of the heart (35) 
These changes occurred throughout all stages of operation and could 
not be associated with any particular event They appeared at times 
to be cyclic as though varying with the phase of respiration and the 
position of the heart in the thorax, at other times, however, they ap- 
peared, disappeared, and reappeared without any apparent explana- 
tion It IS assumed that such variations m the form of QRS probabl}^ 
represent relatively minor changes of intraventricular conduction 
Bundle branch block was observed only in the terminal cases, but was 
simulated m five additional instances by the superimposition of P 
naves on QRS during AV nodal rhythm (Fig 5) ST segment and T 
n ave changes occurred predominantly under circumstances indicating 
the probability of myocardial anoxia as a causative factor, once 
during parox 3 ^snial tachycardia (Fig 3), and in the remaining instances 
becoming most marked with the chest open and lung collapsed (Fig 6) 
or just before release of the clamps after completion of the anastomosis 

Disturbances of conduction were infrequent, and their significance 
uncertain It may be stated simply that such factors as autonomic 
imbalance and anoxemia are known to cause such changes as those 
observed 

In the terminal group were included seven children who died during 
anesthesia or operation, two children who experienced several episodes 
of cardiac asj'-stole on the operating table and who died within 24 hours 
of cerebral thrombosis probably occurring during asystole, and one 
additional child whose operation was postponed after surviving what 
vas thought to be a senes of pretermmal arrhythmias during anes- 


Fig 4 W G , Age 16 Years, Tetralogx of Fallot 
\ cntncular premature sy stoles resulting from effect of cyclopropane, regular 
rhi thm after changing to ether and owgen Lead 3 
\ Normal sinus rhjthm, pre-operatnc 
B Normal sinus rhjthm, postoperatn c 

C \ cntncular premature sistoles from multiple (5) foci, mediastinal 
dissection 

D and E Bigeminal rln thm with ectopic focus at first m one and then in the 
other \entncle 

F Gradual subsidence of actne arrhvthmia after stopping c\ clopropane, in- 
\ tried P wates preceding QRS with normal PR intertal 
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thesia Though this group is relatively small, certain differences of 
probable significance were observed between them and the larger 
control series 

The terminal cardiac mechanism in each of the seven cases was 
cardiac asj stole (Fig 8 and 9) It is interesting and probably of some 
importance that ventricular fibrillation occurred only once, and in this 
case long after death had already resulted from prolonged asystole 
(Fig 9) Despite the fact that isolated cases of survival have been 
reported following long periods of cardiac arrest (1, 5), it was at first 
believed that the earliest onset of hypodynamic heart action marked 
the beginning of an irreversible terminal mechanism The occurrence, 
however, of three patients sunaving this period of asystole, while in no 
way decreasing the ultimate importance of such an event m this type of 
case, led to the newer belief that something might be done about it 
especially if any warning of impending danger might be foreseen The 
records were carefull}'^ analyzed with this in mind, and certain observa- 
tions of probable significance were noted 

In every case except one, sinus tachycardia with a rate of 150-200 
preceded the onset of anj'- other abnormality of the cardiac mechanism 
While tins incidence is significantly higher than in the control group, 
there is nothing sufficiently distinctive about it to forewarn of anything 
more serious to follow Of much greater significance was marked 
brad 3 "cardia, either sinus or AV nodal, occurring m every case prior to 
terminal asystole This form of bradycardia differed m several im- 
portant respects from that occurring m the control series The rate in 
the terminal group ranged from 23-50 per minute, while in the control 
group It was never less than 55 and in most cases was considerably 
faster In five cases of the terminal group the bradycardia either 


Fig 5 Two Cases Demonstrating Simulation oe Bundle Branch 
Block, The Result of Superimposition of P Waves on QRS 
DURING \V Nodal Rhythm 

Upper two records — M C , age 18 \ears, pulmonan' stenosis and possible single 
\cntricle Left axis deMation in the cNtremitv leads (and left \entncular hj- 
pcrtroplu m the precordial leads) A. Leads 1, 2, and 3, normal sinus rhethm, 
rate 88, pre operatne B At nodal rlnthm, during anastomosis 

Lower record — 1\ B , age 11 Years, probable tetralogY of Fallot A Lead 2, 
normal sinus rh\thm, rate 125, pre operatiYc B Lead 2, A\ nodal rhY thm, rate 
125, during anastomosis C Lead 3, emergence of P w aY e from QRS 
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occurred despite the administration of atropine or failed to revert to 
normal after atropine In the control group, on the contrar> , those 
with bradycardia invariably responded to the administration of atro- 
pine with an increase in heart rate, the only ones failing to respond 
alreadv having a ventricular rate faster than during the preceding sinus 
rh} thm Of the nine children w’ho died, only one-third (3 cases) pro- 
ceeded to terminal asystole during the first episode of bradycardia 
fl ig 8) wdnle tw'o-thirds (6 cases) had at least one and sometimes 
several episodes of brad 3 ’’cardia prior to the terminal event It there- 
fore seems evident that bradj’^cardia, either sinus or nodal, with a rate of 
less than 50 per minute, and wnth failure to respond to the administra- 
tion of atropine, constitutes a specific w'arning of impending terminal 
as> stole Other abnormalities of the cardiac mechanism were ob- 
served in the terminal group with sufficient frequency to be considered 
important evidence of cardiac damage and the accompanjnng danger of 
pretermmal arrhythmias These included complete bundle branch 
block in tw^o cases, ventricular tachycardia m three cases, important ST 
segment deviation in three cases, complete AV dissociation m nine cases 
including tw'o patients with auricular rhythm but absence of ventricular 
response, and sinus arrest in nine cases The two latter abnormalities 
onl}' occurred terminallj'’ and therefore could not be utilized as a danger 
signal in time to make use of prophylactic or therapeutic measures 
Complete AV dissociation never developed during operation in those 
who survived but was present preoperatively in four children, three of 
whom survived operation and one of wffiom died after a clamp was 
placed on wdiat was later discovered to be a single pulmonary artery 
From the data thus far available one can only speculate as to the 
probable mechanism of terminal arrhythmias occurring during anes- 
thesia and operation in children wnth congenital heart disease and 

Fig 6 C B Age 5 Years, Tetralogv of Fallot 
OperHion discontinued before doing anastomosis because of poor clinical condi- 
tion of patient and e\idence of progressne cardiac damage due probabh to 
anoAtmn 

A Leads 1,2, and 3, normal sinus rh\ thm, rate 85 , pre-operati\ c 
B Lead 2, sinus tachacardia, rate 150 

C Lead 2, nodal brad\ cardia, rate 88, mediastinal exploration (inxertcd P prc- 
CLflmg QRS with short FR interia!) 

D Lead 2, irregular sinus tach\ cardia sinus arrh\ thmia) after atropine, rate 
SI-1 15 Progressne ST segment elevation (normal alter chest closure) 
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cyanosis 1 here is much to suggest that anoxemia is a factor of con- 
siderable importance Thus, death was known to have follow ed almost 
immediately the clamping of a single pulmonary artery m tw^o instances 
and the only large collateral x^essel in a third By analogy ivith these 
three cases it seems reasonable to postulate a similar mechanism of 
terminal anoxemia in cases in which the only pulmonary circulation, 
and therefore oxygenation of the blood, depends during operation (as 
well as at aU other times) on relatively limited collateral circulation 
which becomes seriously compromised when the lung is collapsed 
during thoracotomy This wmuld include patients wnth complete 
pulmonary atresia, truncus arteriosus without puhnonar}'- arteries 
(essentially inoperable), and tetralogy of Fallot with a single pulmonary 
artery, of wdiich types there w^as a high proportion in the terminal 
group (11 of 18 autopsied cases, 61%) (Table III) In support of this 
concept is the low' average arterial oxygen saturation m the terminal 
group and the occurrence of other electrocardiographic abnormalities 
known to depend upon myocardial anoxia, as m coronary insufficiency 
with or w'lthout myocardial infarction On the other hand, it is 
difi’cult in terms of this concept to explain a number of contrary facts 
including the following (1) death during anesthesia when the arterial 
oxj'gen saturation may be high initially or may rise above the pre- 
operative level after induction, (2) frequent survival of patients with 
supjiosed complete pulmonary' atresia (clinical diagnosis) , (3) death of 
children wuth uncomplicated tetralogy of Fallot, and particularly those 
with a relatively high arterial ox3'’gen saturation It seems evident 
that, although anoxemia may be an important factor, there must be 
other factors acting adversel}' during anesthesia and operation m this 
tx'pe of patient Among these may be listed vagal stimulation (17, 25), 
other imbalance of the autonomic nervous system (4), direct effect of 
the anesthetic agent on a sensitized mj'ocardium (19, 20, 22), decreased 

Fig 7 Same Patiext as i\ Fig 6, Second ‘tixEiiPr at Operation 

WITH SlCCESSTlL COMPLETION OP ^iNASTOMOSIS 
\ Leads 1 2, and 3, normal sinus rh\ thm, rate 88, pre-operatne 
B Lead 3, transition of P «a\e — upright, diphasic, in\erted — representing 
progressn e \ anation in position of pacemaker 

C and D Progressn e alteration in relation of P to QRS, auncles responding to 
sinus impulses, \entncles responding to A\ -nodal impulses, auricular rate shghth 
fa':ter than aentricular, mediastinal exploration 
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cardiac output with positive endotracheal pressure (15), adrenal 
cortical insuflicicnc) , potassium inhibition, and perhaps others 
I rom the \ lew point of specific treatment it is obvious that exact 
knowledge of ail of the factors contributing to death during anesthesia 
and operation is of the greatest importance From the foregoing 
oiiscrvations it can be justifiable only to point out certain possibilities 
1 urther in\ estigation wall still be necessary to clarify many of the 
prolilems encountered in a studj'^ of this sort 

DISCUSSION 

Before discussing the management of the important cardiac arrhyth- 
mias occurring during anesthesia and operation it is necessary to con- 
sider the general value of the electrocardiogram in the detection of 
significant disturbances of the cardiac mechanism In the first place, 
the electrocardiograph is an extremely sensitive instrument tor record- 
ing variations in the heart’s action This is demonstrated by the fact 
that arrhythmias have been detected m approximately 80% of the 
cases clcctrocardiographicaliy (16) but in only 6 5% by ordinary 
clinical means (30) This does not mean, of course, that all of these 
arrhythmias are of clinical significance, relatively few' are actually of 
an\ thing more than academic interest On the other hand, the heart 
under direct observation w'as on a number ol occasions seen to dilate 
and stop mechanically at the same time that the electrocardiogram 
continued briefly at least to show' regular electrical impulses of normal 
rate and fairty normal configuration It was also obserx'ed that regular 
electrical activity of some tj'pe continued long after clinical death of 
the patient and complete mechanical asystole This seems reasonable 
since electrical s) stole need not necessarily bear an) direct relation to 
mechanical sj stole, and it indicates further that an electrocardio- 

Fig SMB, \ge 17 \ears (Patient Xcmber 4, Table III) 
Lnexphmed death before opening pleura Lead 2 
\ \ormai sinus rhethni, rate 94, pre-operatne 
B Parowsmal supraeentncular tadneardia, rate 250, skin incision 
C Bundle branch block, or aberration of QRS b\ superimposed P wa\e 
D Normal sinus rluthm 

E Nodal brace cardia, rate 53, failure to respond to administration of atropine 
or idrenalme slight aberration of intneentncular conduction 

I and G Sinus arrest idio%entricularrh\thm, terminal complete as\ stole 
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TIME 
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DIAGNOSIS 

1 

S-iTU 

lATION 

COMMENTS 




i 

yer cent 


Anesthesia 






1 M C 

(F) 2 

2 yrs 

— 

66 8 

Survived anesthesia 

Opening chest 






2 N Q 

(M) 

H yrs 

Pulmonary atresia 

42 0 


3 J P 

(F) 

S yrs 

Pulmonary atresia 

42 4 


4MB 

(F) 1 

.7 yrs 

Pulmonary stenosis, 

72 2 

Unexplained death be 




valvular, patent fora- 
men ovale 


fore chest opened 

Mediastinal dissec- 





tion 






SBC 

(M) 

4 \rs 

— 

36 5 


6 M K 

(M) 

7 yrs 

Tetralogy 

40 1 


7GB 

(F) 

2 jrs 

Single ventricle 

26 3 


8 I S 

(M) 

7 jrs 

Tetralogy, single pul- 

65 2 

Clamp on smgle pul 




monary 


monarv 

9 L W 

(M) 

21 yrs 

Tetralogy 

”***■ 


During anastomosis 



29 7 


10 C D 

(F) 1 

8 ) rs 

Tetralogy 


11 D K 

(M) 

S jrs 

Tetralogy 

41 9 


12 H G 

(F) 

26 >rs 

Pulmonary stenosis, tn- 

38 4 


13 B L 

(F) 

8 jrs 

cuspid atresia 
Tetralogy, single pul- 

34 7 

Clamp on single pul- 

monary 


monan 

14 S S 

(F) 

2 jrs 

Truncus arteriosus, no 

36 0 

Clamp on smgle collat 

pulmonanes 


eral 

IS S S 

(F) 

3 yrs 

Tetralogy 



After completion of 





anastomosis 



46 4 
64 2 


16 D C 

17 D B 

(M) 

(M) 

8 yrs 
14 yrs 

Pulmonary stenosis, 
valvular, single ven- 

Complete heart block 
acute dilatation 




tncle 

13 4 


18 P N 

(M) 

7 mo 

Truncus arteriosus, no 



pulmonanes 

17 5 
7 5 

18 2 
52 8 


19 K M 

20 C F 

(F) 

(F) 

2l mo 
23 mo 

Pulmonary atresia 
Pulmonary atresia 


21 R D 

(F) 

45 mo 

Pulmonary atresia 

Operation completed, 

22 B W 

(F) 

4 yrs 

Tetralogy 

’cerebral thrombosis 
during asystole 



(F) 



38 7 

Operation completed, 

23 I C 

3*2 yrs 


cerebral thrombosis 
during as) stole 



24 C H 

(M) 

IS yrs 

Tetralogy, anomalous 

, 63 0 

Anomalous \enous re- 
turn 


venous return 

— 
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graphic record, while of considerable value, does not completely replace 
direct observation in the detection of serious abnormalities of the 
heart’s action during thoracic surgery Somewhere between these 

TABLE IV 

Important Arrhythmias Pathogenesis and Management 



C\USE 

Ventricular premature 
s\ stoles 

Cj clopropanc 

Parow smal tachj 

cardia 


Nodal or sinus bradj’- 
cardia 

i 

Vagal stimulation 
(direct or anes 
thctic) 

Nodal or sinus brady- 
cardia belou SO, no 
response to atropine, 
and other evidence 
of anoxemia 

Anoxia 

Vagal stimulation 
' Anesthetic poisoning 
of respiratorv cn- 
2} mes 

Decrease cardiac out 
put 

Potassium inhibition 

Adrenal cortical in 
sufiicicncj , etc 

Sinus or nodal tachj- 
cardia 

Auricular or nodal pre 
mature sj stoles 

Minor aberration of 
QRS 



VWCe-R TRE\TMEM 

Ventricular Stop cr clopropane, 

tach\ cardn increase o\\ gen 
and fibrilli- 
tion 

Congestive fail- Vagus stimulation 
ure (carotid sinus pres 

Peripheral col sure) 
lapse and Intrarenous digitalis 

thrombosis 

^ prcterminal Atropine 


Terminal as\s Inflate lungs 

tole Increase o\jgen in 

anesthetic mixture 
Intravenous owgen 
Transfusion of o\\ - 
genated blood 
C\ tochrome 
Cardiac massage 
^ Cardiac stimulants, 
etc 

Arrh>thmias of 
no clinical sig- 
nificance 


two extremes lies the real importance of the electrocardiogram during 
anesthesia and operation the early detection of abnormalities of the 
cardiac mechanism which indicate serious myocardial damage and 
which might progress to a terminal arrhythmia It is hoped that 
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such knowledge of the heart’s action might lead to intelligent and 
effective management with the resultant saving of lives which might 
be lost otherwise 

The first problem encountered m a study of this sort is the determina- 
tion of ]ust what constitutes a significant abnormality of the cardiac 
mechanism These may be classified as follows 
Electrocardiographic 

I Major disturbances of heart rate 

A Ectopic tachycardia 

B Sinus or AV nodal bradycardia of extreme degreCj 
especially with failure to revert to and remain normal 
after atropine 

II Evidence of anoxemia 

A ST segment and T wave abnormalities 

B Major disturbance of intraventricular conduction 
(bundle branch block) 

C Complete AV dissociation (exclusive of interference 
dissociation) 

D Sinus arrest 

III Ectopic arrhythmias with potential danger of ventricular 
fibrillation 

A Ventricular premature systoles 

B Ventricular tachycardia 
Direct observation 

I Dilatation and mechanical asystole 

II Increasing cyanosis 

III Signs of cerebral damage (in absence of occlusion of innomi- 
nate or carotid artery) 

IV Fall in blood pressure without hemorrhage or significant 
change in heart rate 

There appears to be a very wide range of heart rate within which 
normal cardiac efficiency and normal circulatory dynamics may be 
maintained Even the extremes of sinus bradycardia and tachycardia 
seldom exceed this wide margin of safety It seems probable that 
under ordinary circumstances there is little danger of congestive heart 
failure or peripheral vascular collapse with subsequent vascular 
thrombosis (cerebral or at the anastomotic site) until the heart ra e 
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exceeds 180-200, and then only when the tachycardia is maintained 
over a fairly long period of tune (probably several hours or more) 
This circumstance apparently only occurs with an ectopic tachycardia 
such as paroxysmal auricular or nodal tachycardia (Fig 3), auncular 
flutter, or auricular fibrillation, and constitutes an indication for 
prompt and adequate treatment Effective treatment consists pri- 
marily of vagus nerve stimulation, either reflexly by carotid sinus or 
ocular pressure, or directly by specific medication such as the ad- 
ministration of mecholyl Since mecholyl and related drugs have 
several unpleasant side-effects and at best may not be given without 
significant danger, and because carotid sinus pressure alone is fre- 
quently ineffective, the intravenous administration of a purified 
glycoside of digitalis appears to be the treatment of choice This 
may be given as lanatoside C or digitoxm m a dosage of approximately 
30 micrograms per kilogram of body weight Atropine, by preventing 
the effects of vagal stimulation, may tend to perpetuate this type of 
arrhythmia at least until the effects of its previous administration have 
subsided This constitutes one possible objection to the routine 
preoperative use of atropine especially in individuals who give a history 
of paroxysmal tachycardia or who may be predisposed m any way to 
the development of such an arrhythmia Bradycardia, on the con- 
trary, usually responds to atropme by a prompt reversion to normal 
sinus rhythm or sinus tachycardia Consequently, when the heart 
slows or when nodal rhythm with or without interference dissociation 
occurs as a result of the anesthetic or of vagal stimulation, the adminis- 
tration of atropine is indicated When the ventricular rate is less than 
50 per minute and when the bradycardia fails to revert to normal or 
tends to reoccur after the administration of atropine, the danger of a 
terminal cardiac arrhythmia may be considered to be imminent and 
the institution of well-considered therapeutic procedures urgent 
Until the exact pathological physiology of these pretermmal arrhyth- 
mias IS known, treatment must remain upon a more or less empirical 
basis From the observations of the present study, however, a num- 
ber of suggestions for specific therapy and for further investigation 
may be made Thus, there is evidence that severe anoxemia may be a 
factor of considerable importance m the development of a senous degree 
of myocardial depression (13) Further detailed information on this 
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problem should be derived from a correlation of electrocardiographic 
data with direct oximeter determmations of artenal or capillary oxygen 
saturation during anesthesia and operation Until such a study is 
made it would seem reasonable to assume that pulmonary collapse and 
the unavoidable mterruption of collateral circulation mcident to 
thoracotomy and mediastmal dissection must almost certamly reduce 
an already decreased arterial oxygen saturation to dangerously low and 
perhaps lethal levels despite the original slight mcrease which may 
occur durmg induction (12) If such is the case, a number of thera- 
peutic procedures may be considered The first and simplest would 
be to increase the avaiiabihty of oxygen However, under the circum- 
stances described, breathmgeven 100% oxygen under positive pressure 
will probably help little if at all because of the marked reduction of 
pulmonary circulation which is present until after the newly created 
systemic-pulmonary anastomosis has been opened and the collapsed 
lung re-c\panded It follows that even before completion of the 
anastomosis periodic inflation of the collapsed lung might be of benefit 
by makmg the oxygen m the anesthetic mixture more available to the 
pulmonary circulation, particularly m individuals considered to be 
especially vulnerable from the standpoint of anoxia (The frequency 
of re-expansion of the lung could be determmed perhaps by oximeter 
readings ) An alternative method of making oxygen available, but 
one which has not proved to very practicable as yet, is to administer 
gaseous oxygen intravenously (34) or to transfuse the patient ivith 
oxygenated blood (14) An entirely different solution to the problem 
is offered in the use of respiratory enzymes and related materials such 
as cytochrome C (23), the B vitamins (24), and perhaps others, for 
increasing tissue utilization of oxygen and possibly helping the patient 
thereby to survive a relatively brief period which might otherwise 
terminate fatally It must also be remembered that tissue anoxia may 
be stagnant or anemic rather than, or m addition to, anoxic The 
factor of anemia is not uncommon, particularly m infants, and should 
be corrected preoperatively by proper methods such as the administra- 
tion of iron and smaU repeated blood transfusions During anesthesia 
and operation stagnant anoxia, which may result from a failmg circula- 
tion and which may in turn further depress the heart and circulation, 
should be benefited by the action of cardiac stimulants such as ep - 
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nephnne and digitalis Adequate attention must be given, m addition, 
to other factors known to be important in thoracic surgery, both cardiac 
and non-cardiac, including the maintenance of an adequate airway, 
control of the movement of the lung and mediastinum, the prevention 
of too great a degree of dependency of the good lung dunng open 
pneumothorax, the prevention of vascular obstruction by improper 
retraction, and others (2) 

Should the heart dilate and stop, two questions must be answered 
(1) What methods must be used for immediate resuscitation? and (2) If 
the heart can be revived, what should be done about contmumg or not 
with operation^ The subject of resuscitation of the failing heart is still 
a controversial one, although certain procedures are generally accepted 
and certain others warrant further consideration (1, 5, 6) There 
appears to be a sound basis for the immediate institution of cardiac 
massage — not just plain “squeezing” of the heart — but the rhythmical 
application of external force to the ventricles in a direction from apex 
to base in order to simulate as closely as possible the normal action of 
the heart and thereby to mamtam at least temporanly an adequate 
circulation (5) It must be remembered also that the maintenance of 
artificial respiration with a high concentration of oxygen is also neces- 
sary throughout this entire penod Manual massage probably 
accomphshes little more than the artificial maintenance of the circula- 
tion until such time as the heart can resume its own rhythmical action 
either spontaneously or more often with the help of other supportive 
and stimulative measures The intracardiac mjection of epinephrine 
has been one of the most widely recommended procedures (5, 7, 27), 
but there remains a great deal of controversy about the advisability of 
its use Its effectiveness has been proclaimed by some and disclaimed 
by others The danger of precipitating fatal ventricular fibrillation 
especially during cyclopropane anesthesia has been emphasized many 
tunes (19, 20, 22) and cases cited in which this was the “probable” 
cause of death It is to be noted, however, that electrocardiographic 
evidence of this cardiac mechanism as a cause of death has been lacking 
in most human cases and, further, that m the present study ventncular 
fibnllation never occurred even after the administration of large 
amounts of epinephrine This should not be considered final proof 
against the theory of cyclopropane sensitization of the heart to epi- 
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nephrme and the resulting danger of ventricular ectopic arrhythmias 
(19, 22) It may indicate simply that such sensitization does not 
occur in this particular type of case, m which severe anoxia may act as a 
general cardiac depressant instead of inducing localized regions of 
increased irritability, as in diseases of the coronary artenes The 
observations cited m this study, as well as those of other recent publica- 
tions (13, 21, 29) tend to support such a concept Although it still 
remains a matter of some difference of opinion, it seems reasonable to 
state, for the present at least, that the use of epinephrine and other 
cardiac stimulants is of questionable and poorly defined value It is 
likely that, although they may increase the force of contraction when 
the heart is still beating, however feebly, they will not often initiate 
contractions after they have already ceased Greater value might be 
expected from the administration of a longer actmg specific cardiac 
stimulant, such as digitalis, or by supplymg the heart with essential 
materials for energy production, such as available oxygen, respiratory 
enzymes, electrolytes, etc , at the same time that the circulation is 
maintained by manual massage or the rhythmical stimulation of an 
artificial pacemaker 

Should normal rhythmicity of the heart be re-estabhshed Mowing 
the occurrence of cardiac asystole or other serious pretermmal arrhyth- 
mia, the diflncult question of continuing operation must be decided 
It IS not possible, nor is it intended, to attempt making any final 
answer at the present time, for the decision must be made on the 
merits of each individual case However, several observations are 
worthy of mention It should be noted, for example, that few children 
ultimately survive the occurrence of pre-terminal arrhythmias as ob- 
served in this study Only three children of the entire group survived 
operation, and of these two died within 24 hours of cerebral thrombosis 
which probably occurred during cardiac asystole Thus, only one 
child ultimately survived, and m this instance no actual surgery was 
performed since the arrhythmia occurred during anesthesia and opera- 
tion was indefinitely postponed It seems apparent, therefore, that re- 
ga!rdless of proceeding with operation or not, uitunate survival after the 
occurrence of a pretermmal arrhythmia is not hkely even after the 
restoration of apparently normal heart action It is possible, how- 
ever, that newer methods of treatment may favorably affect tws 
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practically hopeless outlook Considenng the problem from another 
point of view, to subject a child with congenital heart disease and 
cyanosis to exploratory thoracotomy with the attendant disruption of a 
variable but significant number of collateral vessels, without completing 
the anastomosis for which the operation was intended, does a great deal 
of harm and frequently results in death In fact, the mortahty rate in 
such cases is as high or higher than m the group of children m whom 
the entire operation has been completed Therefore, unless operation 
IS discontinued or postponed for a specific reason, or unless it can be 
attempted again in the near future with at least equal or perhaps 
greater safety, considerable thought must be given to the advisability 
of discontinuing or of proceeding with operation after the occurrence 
of the t)q)e of arrhythmia under discussion Frequently the attitude 
of “nothing to lose and every thmg to gam” seems justified Also, it 
may be that with the development of newer methods of treatment, 
based upon such principles as those suggested, a more satisfactory 
answer may be found for this entire problem 
Another type of arrhythmia which requires consideration is the 
occurrence of frequent premature systoles particularly of ventricular 
origin These appear to be due in the great majority of instances to 
the direct action of cyclopropane on the heart (Fig 9), and have 
been considered, correctly or not, to constitute a prefibnllary arrhyth- 
mia (19, 20, 22) Despite the fact that ventricular fibrillation was 
never observed in this series, and despite the lack of electrocardio- 
graphic evidence to confirm ventricular fibrillation as a major cause of 
immediate anesthetic death in humans, it appears to be a simple and 
reasonable measure of security to stop cyclopropane as an anesthetic 
agent and continue with ether and oxygen in the presence of multiple 
ventricular premature systoles or ventricular tachycardia Such a 
procedure has resulted in the disappearance of the former in every 
instance, the latter only having occurred in the terminal group A 
number of other means have been suggested for preventing ventricular 
fibrillation These include the use of barbiturates and other drugs (3) 
and the local application or parenteral administration of local anes- 
thetics such as procaine (9, 18) There would appear to be little use 
for this type of therapy except perhaps in ventricular tachycardia, 
though even m this arrhythmia the danger of ventricular fibrillation 
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IS not great m patients with anoxemia and evidence of cardiac de- 
pression Methods have been tried and recommended also for the 
management of actual as well as imminent ventricular fibrillation (6) 

The other disturbances in the cardiac mechanism observed during 
this study are largely of academic interest and do not seem to have 
any immediate clinical significance This apphes particularly to the 
various forms of nodal rhythm Of particular interest are the changes 
which occur m the configuration of QRS without evidence of bundle 
branch block, primarily those involving gross changes in the position of 
the mean electrical axis of QRS This problem is the subject of 
further investigation, the results of which will be pubhshed separately 
(35) However, certain comments may be made here on the basis of 
present information The position of the mean electrical axis in the 
extremity lead electrocardiogram until recently has been considered 
evidence of hypertrophy of one or the other ventricle Even now it is 
not generally appreciated that other factors, such as the position of the 
heart in the thorax, may influence even more strongly the configuration 
of the ventricular deflections particularly in the extremity leads In 
the cases under consideration, the position of the heart being relatively 
fixed and changes m ventricular preponderance obviously not being a 
factor, a third influence must be considered, namely changes m intra- 
ventricular conduction exclusive of those producing gross bundle 
branch block The chnical significance of these changes is not at all 
certain, although they have been described previously in infectious 
diseases (28) presumably as the result of toxic myocarditis, and in 
these surgical cases may represent additional evidence of myocardial 
damage due to anoxemia It is of interest and probably of some sig- 
nificance that the three children in whom the most marked changes in 
QRS occurred all had more comphcated malformations than a simple 
tetralogy of Fallot, that all three had severe congestive heart failure 
following the systemic-pubnonary anastomosis, and that two died m 
less than one year after operation, the third surviving perhaps only 
because of ligation of her artificial ductus ^ Whatever the pathogene- 
sis, the observation that gross alterations in the form and direction of 
QRS may occur without changes in the position of the heart or changes 

‘ These three cases will be reported m further detail elsewhere, the first two by 
Ziegler (35), the third by Dr William Adams 
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m the relative mass of either ventricle and without gross abnormahties 
of intraventricular conduction, such as bundle branch block, is of con- 
siderable importance among the fundamental prmciples upon which the 
interpretation of the electrocardiogram is based 

CONCLUSIONS 

Electrocardiograms were recorded practically continuously during 
anesthesia and operation in 175 children with congenital heart disease 
and cyanosis From this study the following observations concerning 
the occurrence, significance, and management of abnormalities of the 
cardiac mechanism were made 

1 Arrhythmias of some sort occurred in approxunately 80% of the 
entire group of patients These varied from simple vanations of rate 
to complex termmal mechanisms and mcluded many forms of active 
and passive ectopic arrhythmias which occurred throughout all phases 
of anesthesia and operation 

2 The most common abnormality was the group of arrhythmias re- 
sultmg from depression of the normal pacemaker with supercedence of 
some center of lower rhythmicity, usually the atno-ventncular node 
This abnormality of the cardiac mechanism was usually benign and in 
most mstances reverted to normal, either spontaneously or following 
the intravenous administration of atropine 

3 Arrhythmias resulting from increased cardiac irntabihty, m- 
cludmg primarily ventncular premature systoles and paroxysmal 
auncular or AV nodal tachycardia, occurred m shghtly more than 10% 
of the patients, and, although these may be considered generally to be 
relatively benign disorders of the cardiac mechanism, under the cir- 
cumstances of cyclopropane anesthesia and mtrathoracic operation in a 
child with an abnormal heart and anoxemia they were treated with 
certam potential dangers m mind Ventricular premature systoles 
were beheved to constitute a possible precursor to a much more senous 
ventncular tachycardia or fatal ventncular fibrillation and responded 
satisfactorily m aU instances to stoppmg cyclopropane and continumg 
with ether and oxygen or oxygen alone Paroxysmal tachycardia, 
especially with a long contmued rapid ventricular rate, was considered 
potentially hazardous because of the possibihtites of congestive heart 
failure or penpheral vascular collapse, with resultmg venous or arterial 
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thrombosis, and was treated immediately by vagus stimulation, usually 

m the form of the intravenous administration of digitabs in full dosage 

4 Spontaneous changes in the form of the ventricular deflections 
detectable only m the electrocardiogram, appeared to have no imme- 
diate significance from the surgical viewpoint, but seemed to occur 
more frequently in children with more complicated cardiovascular 
malformations than the simple tetralogy of Fallot and whose post- 
operative course was commonly complicated by the occurrence of 
congestive heart failure 

5 The terminal cardiac mechanism was recorded m seven children 
who died during operation, and in each instance the final event was 
sinus arrest with complete cardiac asystole On the basis of a careful 
analysis of the entire electrocardiographic record it was believed that 
m practically every instance terminal asystole was preceded by one or 
more specific preterminal phenomena includmg the following smus or 
AV nodal bradycardia with a rate of less than 55 per minute and 
either failing to revert to normal or recurring after the administration of 
adequate amounts of atropine, complete AV dissociation with idio- 
ventricular rhythm, ventricular tachycardia, complete bundle branch 
block, and other electrocardiographic changes interpreted as evidence 
of myocardial anoxia Other evidences of hypodynamic heart action 
with impending terminal asystole included falling blood pressure, not 
the result of hemorrhage or significant change in heart rate, progressive 
decrease in arterial oxygen saturation , and mechanical dilatation of the 
heart with asystole (occasionally with a normal electrocardiogram) 

6 Evidence was given for believing that the terminal cardiac mecha- 
nisms are manifestations of myocardial depression as a result of anoxia 
On the basis of this assumption treatment should be directed logically 
toward the correction of anoxia in all of its characteristic manifesta- 
tions, including primarily the provision of available oxygen to the 
tissues and support for the failing heart and circulation The value 
and the limitations of specific procedures were discussed Although it 
IS not possible at present to determine at what point the preterminal 
cardiac mechanism becomes irreversible, it seems certain that the 
earlier specific treatment is instituted the more likely it will be to result 
successfully, and, as in many other circumstances, prevention is more 
important than any treatment 
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7 It IS of significance that ventricular fibrillation never occurred as 
a cause of death even following the injection of epinephrine during 
cyclopropane anesthesia, thus providing further indirect evidence for 
the behef that anoxemia is a myocardial depressant It seems appar- 
ent that epmephrme may be given with relative safety m the conditions 
of this study It is probably true, however, that the administration of 
this drug is of little if any value in initiating cardiac contractions after 
they have already ceased 

8 Some indication has been given that digitahs may be of great 
value m maintaining normal cardiac function during anesthesia and 
operation, especially m selected patients Additional investigation will 
be necessary to support this as well as certain other concepts en- 
countered m this study 
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ADDENDU]\[ 

Since the completion of this electrocardiographic study, a continuous, 
systemic, arterial oxyhemoglobm concentration record was made by 
the method of Hartman, et al during operation on a twenty-four year 
old patient with tetralogy of Fallot and functional complete pulmonary 
atresia This case will be reported in further detail elsewhere but 
certam observations should be mentioned m connection with this study 
These include the following 

1 The spontaneous occurrence of “hypodynamic heart action” with 
fall m blood pressure, imperceptible pulse and progressive decrease in 
oxygen saturation immediately following induction of anesthesia 

2 Beneficial but transient effect of epmephrme as evidenced by a 
return of oxygen saturation to the pre-anesthetic level 

3 Immediate and prolonged beneficial effect of a sub-digitahzmg 
amount (two-thirds of the calculated dose) of intravenous digitalis as 
evidenced by systemic arterial oxygen saturation, blood pressure and 
heart action 

4 Maintenance of constant oxygen saturation in the face of open 
pneumothorax with its attendant complete atelectasis and with clamp- 
ing of the pulmonary artery 

5 Immediate post-operative nse of oxygen saturation to non'ml 
after releasing the clamp at the anastomotic site 

It wdl be seen that these observations support, in part, the pi nnoks 

^ Hartman, F W , Behrmann, V G , and Chapman, F W Pholo-elcctr c 
Oxyhemograph, a continuous method for measuring the oxi'gen saturation of the 
blood Am J Chn Path , 18 1-13, Jan 1948 
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previously mentioned regarding the relationship between cardio-circu- 
latory failure and anoxemia It is evident also on the other hand that 
oxygen saturation in the systemic blood need not necessarily decrease 
as the result of collapse of a lung and the disruption of collateral circu- 
lation The results of this single study confirm the need for further 
observation of this sort which should contribute significantly to the 
solution of many of the problems encountered 



OBSERVATIONS ON THE EFFECTS OF FOLIC ACID 
ANTAGONISTS, FOLIC ACID, LIVER EXTRACT AND 
VITAMIN Bi2 on EMBRYONATED EGGS' 
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Received for publication June 14, 1948 

This IS a preliminary report of observations made on embryonated 
eggs foUowmg injections of three folic acid antagonists (1,2), folic acid, 
purified liver extract and vitamin Bn 

Six to 8-day old chick embryos were inoculated via the yolk sac with 
three fohc acid antagonists (4-amino-pteroylglutamic acid, N'°- 
methyl-pteroic acid and methyl-4-amino-pteroylglutamic acid)^ alone 
or with folic acid (synthetic pteroylglutamic acid),'* purified anti- 
pernicious anemia liver extract, or vitamm in the amounts indicated 
in the table All substances except the hver extract were dissolved in 
distiHed water The embryos were incubated at 35°C AU deaths 
occurring in the first 48 hours were considered post-traumatic and 
discarded from the study Yolk sacs were fixed in 10 per cent acetic 
acid Zenkers solution and microscopic sections were stained with 
eosm-methylene blue ® 

The findmgs are recorded in Table I Embryonated eggs injected 
with 4-ammo-pteroylglutamic acid in amounts of 0 005 mg showed a 

' From the Thorndike Memorial Laboratory, Second and Fourth Medical 
Services (Harvard), Boston City Hospital, and the Department of Medicme, Har- 
vard Medical School, Boston, Massachusetts Aided by a grant from the National 
Foundation for Infantile Paralysis 

^ Research Fellow of the American College of Physicians 
® Senior Fellow in Medical Sciences, National Research Council 
* Through the courtesy of the Lederle Laboratories, Pearl River, N Y the 
follow ing materials were provided fohc acid as synthetic pteroylglutamic acid, 
4-amino-pteroylglutamic acid (Lot i^7-7843C), N’“-methyl-pteroic acid (Lot 
^ 7-7623A), and methyl-4-ammo-pteroylglutamic and (Lot ^ 7-818S) 

® Vitamm Bjj was provided through the courtesy of Dr A Gibson of Merck & 
Co , Inc , Rahway, New Jersey 

® The authors are indebted to Miss LiUian M Leavitt of the Mallory Institute of 
Patholog} for prepanng the microscopic sections 
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decreased survival time (Senes 1) The blood islets from the yolk 
sacs of such embryos were diminished in both number and size Fre- 
quently the nuclei of the hemopoietic cells in such areas were pyknotic 
or showed karyolysis and karyorrhexis 

Injection of 0 005 mg of vitamin B 12 simultaneously with the m- 
hibitor (Senes 2) did not prolong the survival time or modify the 
histological appearance of the blood islets As much as 3 75 U S P 
units (mjectable) of purified hver extract (containing the equivalent 
activity of 2 7 micrograms of vitamin Bis ) injected 24 hours prior to 
the administration of the 4-amino-pteroylglutamic acid (Senes 3) did 
not prevent a shortened life span or alteration m the appearance of the 
yolk sac blood islets However, when folic acid was given in 12 5 mg 
amounts 24 hours prior to the antagonist (Senes 4) the blood islets 
were not decreased in number though their cellularity was somewhat 
dimmished Pyknosis, karyolysis and karyorrhexis of the nuclei were 
not present There was a suggestive increase in survival time 

N^“-methyl-pteroic acid in 20 mg amounts under the conditions of 
the experiment produced no detectable alteration of the blood islets 
(Senes 5) 

Embiyonated eggs injected with methyl-4-amino-pteroylglutamic 
acid m amounts of 0 01 mg showed a decrease in the number and size 
of yolk sac blood islets with some fragmentation of the nuclei of the 
hemopoietic cells (Senes 6) These changes were not as marked as those 
occurring after the use of 4-ammo-pteroylglutamic acid The simul- 
taneous injection of 0 1 rag of folic acid (Series 7) resulted m less 
marked cytological changes in the blood islets There was a slight 
decrease in the ceUularity of the islets and occasional fragmentation of 
nuclei 


SX7MMAEY 

A new method of study of the effects of folic acid mhibitors is de- 
scnbed Of the 3 antagonists studied, 4-amino-pteroylglutamic acid 
was the most effective in small doses There were marked cytological 
changes in the yolk sac blood islets, characterized by dimmution m 
their size and number with pyknosis, karyolysis and karyorrhexis of 
many of the remammg nuclei There was a suggestive shortening of 
the survival time of the embryos This effect, as well as that of the 
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less active metliyl-4-ainmo-pteroylglutamic acid, appeared altered by 
injections of folic acid but not by liver extract in the doses employed 
Vitamin , in the amount used, did not alter the apparent eSect of 
4-ammo-pteroylglutamic acid N*°-methyl-pteroic acid in relatively 
larger doses than the other antagonists caused no detectable changes in 
the yolk sac blood islets 


REFERENCES 

1 Franklin, A L , Stokstad, E L R , and Jukes, T H Acceleration of 

pteroylglutaraic acid deficiency m mice and chicks by a chemical antagonist 
Proc Soc Exper Biol & Med , 65 368-370 (June) 1947 

2 Franklin, A L , Stokstad, E L R , and Jukes, T H Observations on the 

effect of 4-amino-pteroylglutamic acid on mice Proc Soc Exper Biol & 
Med , 67 398-400 (March) 1948 



THE EFFECT OF OVARIECTOMY AND PHYSIOLOGIC DOSES 
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INTRODUCTION 

It IS weU known that large doses of estrogen will retard normal weight 
gain and body growth of experimental animals The purpose of this 
experiment is to see whether small doses of estrogen comparable to 
the natural supply will also cause delay m growth and weight gam of 
rats, and to determine whether this effect is in part due to alteration 
m the amount of body fat The effect of these small doses of estrogen 
upon the reproductive organs and upon the blood level of calcium, 
phosphorus and phosphatase was also determined 

METHODS 

Preliminary experiments showed that estradiol benzoate in a dosage 
of 30 micrograms weekly markedly retarded the weight gain of young 
female albino rats Half of this dose was used in this experiment 
Five micrograms of estradiol benzoate dissolved m 0 1 ml of peanut 
oil were injected three tunes a week The total amount of estradiol 
administered over the 40 day period was 85 micrograms or about 2 1 
micrograms daily 

Four groups of ten female albino rats of approximately the same age 
and weight were observed a control group, an ovariectomized group, 
and two sumlar groups treated with estradiol Treatment was com- 
menced after vaginal openmg when the rats were 42-44 days old and 
weighed approximately 85 grams The ovariectomized animals were 
allowed four days to recuperate from the operation and ether anes- 
thesia before the treatment period was instituted 

Eh LiUv Fellow in Medicine 
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Fooc' and water were available at all times The diet consisted of 
fox cb V peUets supplemented with lettuce dady and carrots once a 
week The animals were weighed at five day intervals and measured 
befo land after the treatment period The carcasses were x-rayed 
at ' ^ conclusion of the experunent 

^ the start of treatment vaginal smears were taken daily, later at 
le requent intervals At the conclusion of the treatment period 
e animal was weighed again and measured and then anesthetized 
1 nembutal Blood was taken from the heart and then the ani- 
ras killed and skinned The adrenals, ovaries and uterus were 
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weighed and fixed The hypophysis was also removed for histological 
study 

The skin and carcass were dissolved separately in four times their 
weight of 50 percent potassium hydroxide m 50 percent ethyl alcohol 
After four hours of heating, the mixture was acidified with 50 percent 
sulfuric acid and extracted with petroleum ether The extract was 
dried with sodium sulfate and filtered The filtrate was evaporated 
to dryness and weighed 


RESULTS 

The weight gam of the four groups of animals is shown m Table I 
The average gam of the untreated animals was 73 grams m forty days 
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while the ovanectomized rats gamed 119 grams, which was 46 grams 
more than the controls The average gam of the estradiol tre^e_^ 
animals was 54 grams, or 20 grams less than the controls TheVwa- " a 
nectomized rats which were treated with estradiol gamed slight’ ^|ess 
than the controls, but the difference was not statistically sigm fj.nt 
(Chart I) f i/ 

The groivth of the tail evceeded the growth of the body in allm ^^s, 
but the difference between body growth and tail growth wa»\ 
small and m proportion to the total growth The normal ratsi 
14 4 cms m length during the forty days The ovariectomize<;\ 
grew 16 8 cms , an increase over normal of 2 4 cms The esb m 
treated rats grew 12 0 cms , or 2 4 cms less than the controls -Th* 
ovanectomized and estradiol treated animals grew 12 3 cms , A,hich 
is not significantly different from the other estradiol treated g^oup but 
which IS significantly less than the normal controls (see Table I) 

The differences m skeletal growth are illustrated by x-rays. Figure 1 

The uterine weight of the normal rats averaged 198 mgs per 100 
gms body weight Ovariectomy reduced this figure to 31 mgs , while 
treatment with estradiol raised it to 293 mgs The group that was 
castrated and treated with estradiol had an average uterme weight 
of 202 mgs per 100 gms body weight The ovaries in the estradiol 
treated rats weighed only 38 mgs per 100 gms body weight compared 
with 59 mgs m the controls 

The total amount of fat m the skin and carcass was greater in the 
ovanectomized rats than m the controls, but the percent of fat in rela- 
tion to the weight of the skin and carcass was lower than that of the 
controls The fat in the body of the estradiol treated rats was greater 
in amount and percent than that of the controls although the actual 
difference was small. Table II The rats that were ovanectomized and 
treated with estradiol showed the greatest amount and the greatest 
percent of fat of all groups 

The serum calcium of the pooled sera of the normal rats averaged 9 9 
mgs percent compared wnth 10 5 and 10 8 in the two groups treated 
with estradiol and 9 8 in the ovanectomized anunals, see Table III 
The average serum phosphorus level of the normal rats was 10 1 mgs 
percent compared wnth 12 6 m the ovanectomized group and 119 and 
10 2 in the estradiol treated animals The serum alkahne phosphatase 
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expressed m Bodansky units per 100 cc was 88 in the normal rats 
A considerably higher value, 105, was found in the pooled blood serum 
of the ovariectomized rats, and a somewhat lower value was found m 
the two groups treated with estradiol, 69 and 71 
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Vaginal smears taken on the control group showed a normal estrus 
cycle of approximately four days The ovariectomized animals 
were m constant diestrus The rats receiving estradiol were m con- 
stant estrus, although occasionally the ovariectomized rats receiving 
estradiol showed smears suggesting proestrus 
Histological study of the organs showed that, although there were 
variations m size, the structure of the adrenals was the same in all 
groups The liver appeared normal in all the animals The ovaries 
m the rats treated with estradiol showed the presence of many small 
and large cysts despite the decrease in size The uterus was almost 
completely atrophied m the ovariectomized animals In the rats 
treated with estradiol, both the normal and the ovariectomized groups, 
the uterus was normal or enlarged with prominent glands showing an 
increased number of vacuoles 


DISCUSSION 


The fact that the ovariectomized rats gained weight more rapidly 
than the normal animals is in agreement with the results of other ob- 
servers Holt, Keeton and Vennesland studied ovariectomized rats 
and found that they had a larger food intake than normal rats of the 
same age (1) This might account in part for accelerated gam in 
weight 

Levie has shown that the administration of estrone m doses of 250- 
500 micrograms daily markedly suppresses gam m body weight, al- 
though m doses of 10-20 micrograms the reduction m weight gam was 
slight and inconstant (2) However, estrone is known to be biologi- 
cally less active than estradiol Hooker and Pfeiffer, using estradiol 
benzoate, found that 83 micrograms administered twice weekly, which 
averages 24 micrograms daily, interfered with normal weight gain 
(3) It IS remarkable that the dose of estradiol benzoate used m this 
experiment, 5 micrograms three times a week, which averages 2 micro- 
grams daily, was sufficient to retard the weight gam of normal rats an 
to completely counteract the increased weight gam usually shown by 


ovariectomized rats , 

It was pointed out many years ago by Stotsenbu^ that m 
the male is usually larger than the female (4) and Holt was abk 
produce females of larger than normal size by ovariectomy (1) 
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ovanectomized rats m our e-tpenment showed a marked increase m 
linear growth over that of the normals X-ray studies showed that 
that there was a general increase m the size of the bones affecting 
the -rndth of the skull and pelvis, as well as the length of these and the 
long bones 

Levie found no alteration in bone growth when doses of 5-20 micro- 
grams of estrone were given although a definite efltect was obtained 
with 250-500 micrograms daily (2) In the studies reported here, a 
dosage of 5 micrograms of estradiol benzoate three times a week, which 
averages 2 micrograms daily, caused a stunting of growth in normal 
rats of the same degree as the increase in growth shown by the ovan- 
ectomized animals The rats that were ovanectomized and given 
estradiol showed the same skeletal growth as the normal animals that 
were treated with estradiol, shownng that this dose was more than 
enough to counteract the effect of ovariectomy upon bone growth 

It IS interesting to note that the uterus in the ovanectomized rats 
vhich were given 2 micrograms of estradiol daily was almost exactly 
the same size as the uterus in the control animals The uterus in the 
normal rats that were treated with estradiol showed considerable 
enlargement beyond that of the normal The fact that the 2 micro- 
grams daily of estradiol approximately duplicated in ovanectomized 
animals the degree of uterine development which occurred in the con- 
trols does not prove that this dosage was equivalent to the normal 
physiological output of estrogen, because the action of estrogens may 
be modified by other steroids, such as progesterone 

It IS frequently stated that ovariectomy causes an increase in obesity 
similar to that which follows castration of the male (4) However, 
quantitative studies show ed that this increase in fat was proportional 
to the increase in body w'eight and that the percentage weight of fat 
w'as not higher in the ovanectomized anunals Holt (1) analyzed the 
fat content of rats tw-elve months after ovanectomy and found no in- 
crease compared to normal controls of the same age 

On the other hand it has been surmised that the diminished w eight 
gam caused by the adrmnistration of estrogen might be due to a re- 
duction in the fat deposits However, in these experiments there was 
found to be a slight increase in the fat content of the estradiol treated 
animals, whicli was more staking when compared with the body weight 
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Since these animals were the lightest group The rats which were 
ovariectomized. and given estradiol had the greatest amount of fat 
and the greatest percentage of fat These observations are m har- 
mony with the general observation that the female of the species has 
a higher percent of body fat than the male (5) 

The rise in serum calcium observed m the estradiol treated rats is 
quite small compared with the rise observed by PfeiSer and' Gardner 
m birds receiving large doses of estradiol benzoate (7) The changes 
m serum phosphate were not as striking as the changes in alkaline 
phosphatase The fact that the highest value of phosphate and 
phosphatase occurred m the ovariectomized group is compatible with 
the observation that phosphate and phosphatase are increased during 
the period of growth It has been suggested that the level of serum 
phosphate is an indication of the production of growth hormone, and 
It has been shown by Albright and co-workers that estrogen diminishes 
the level of serum phosphate and bone growth m acromegalics (8) 
This IS not surprising since in 1936 Zondek showed that m rats the 
administration of estrogen arrested growth through its effect upon the 
hypophysis (9) It is notable that while the phosphate level was 
higher in the ovariectomized rats it was not lowered by the adminis- 
tration of estradiol although the serum alkaline phosphatase was 
depressed A depression in the serum alkaline phosphatase with est- 
rogen treatment was noted by Day and Follis who studied the com- 
position of rat bones after prolonged treatment with estradiol (10) 

It may be concluded that, when given in physiological doses, the 
effect of estrogen upon weight gam is manifested chiefly through its 
inhibition of growth With the decrease m growth there is a moderate 
increase in the proportion of body fat This is opposite to the effect 
of androgen which causes an increase in growth and a decrease in the 
relative amount of fat (5) Furthermore, although a dose of 5 micro- 
grams of estradiol benzoate given three tunes a week is just sufficient 
to maintain normal uterine weight, it markedly suppresses the normal 

skeletal growth 


SUMMARY 

Female rats ovariectomized at the age of forty days showed a 
greater increase in both skeletal length and body weight daring the 
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next forty days than did normal female controls of the same age 
there \\ as a slight decrease m the proportion of body fat 

The administration of estradiol benzoate in a dose of 5 micrograms 
Three times a week to female rats of this age caused a marked retarda- 
tion of skeletal grow'th, a diminution m the rate of weight gain, and a 
considerable increase in the proportion of body fat 

Five micrograms of estradiol benzoate administered three times a 
week to ovariectomized rats w'as sufficient to maintain the uterus at 
the same w^eight as normal controls but inhibited skeletal growlh 
These animals showed a relative and absolute increase m body fat 
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Hemorrhagic syndromes associated with defective blood coagulation 
have almost invariably been attributed to deficiency of one or the 
other of the plasma components necessary for normal clotting The 
spontaneous occurrence of an anticoagulant in the circulating blood 
has been rarely considered to be a cause of abnormal bleeding in h uma n 
patients Quick (1 1) m his extensive monograph on the hemorrhagic 
diseases did not mention such a condition However, several well- 
studied cases have been reported m which prolongation of the clotting 
time and bleeding tendency have been associated with the presence of 
a clotting inhibitor in the circulating blood (2, 3, 4, 6, 8, 12) We 
have had the opportunity to study three patients in whose blood an 
anticoagulant has been demonstrated 

ABSTRACTS OF CASES^ 

1 J H,(B C H IS? 114201), a 67 year old senile colored male was admitted 
to the Baltimore City Hospitals in October, 1947, because of hematuria, of several 
weeks duration There was no family history of hemorrhagic tendency and no 
previous history of abnormal bleeding Gemto-urinary study revealed no demon- 
strable cause of the hematuria Because the patient had moderate generalized 
glandular enlargement, a lymph node biopsy was performed This procedure was 
followed by profuse bleeding from the wound for several days Sections of the 
node showed only hyperplasia Defective blood coagulation was observed before 
any transfusions were given The venous clottmg time was 68 mmutes Re- 
calcified plasma clotting time was prolonged to 12 minutes (normal about 2 

1 Instructor in Medicine, The Johns Hopkins University School of Medicme 

2 Assistant Chief, Division of Medicme, Baltimore City Hospitals 

» Assistant in Pathology, The Johns Hopkins University School of Medicine 

< Assistant Resident Physician, Baltimore City Hospitals 

^ Cases 1 and 2 will be described in detail m subsequent reports 
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minutes) The prothrombin time was normal Plasma fibrinogen concentration 
was 0 21 grams per 100 cc Platelet count, bleeding time and capillary fragility 
were withm the limits of normal 

2 A V , (J H H #445357), a 39 year old white farmer was admitted to The 
Johns Hopkins Hospital in December, 1947, because of vague abdominal pain, 
malaise, and weight loss of three months’ duration There was no family history 
of hemorrhagic diathesis and no past history of abnormal bleeding He had had 
a herniorrhaphy, appendectomy, and hemorrhoidectomy prior to 1944 without 
unusual bleeding He had never received a transfusion In 1942 he was found to 
have a positive serologic test for syphilis for which he was treated In 1944, while 
in the army, he was hospitalized for trench foot and was reported to have a cardiac 
murmur and “chronic glomerulo-nephntis” In November 1947 he had two epi- 
sodes of hemoptysis without other definite pulmonary sjmptoms Physical ex- 
amination showed apical systolic and prcsystolic murmurs and slightly enlarged 
spleen The urme contained many red cells and variable amounts of albumin 
A sero logic test for syphilis was positive X-ray of the chest showed no abnor- 
mality of the heart or lungs While in the hospital he had two more episodes of 
hemoptysis and occasionally complained of abdommal pam A definite diagnosis 
was not established Venous clotting time was 60 minutes, recalcified plasma 
clottmg time 7^ minutes, prothrombin time 30 seconds (normal 16 to 20 seconds) 
The plasma fibrmogen concentration was 0 53 grams per 100 cc Platelet count, 
bleeding time, and capillary fragility were normal 

3 F Y , (J H H # 104833), a 38 year old hemophiliac was admitted to The 
Johns Hopkins Hospital in February 1948 for tooth extraction Several maternal 
uncles and two brothers had hemophilia The patient had had 10 previous ad- 
missions for various hemorrhagic manifestations He had received numerous 
transfusions, and on his last admission in August, 1947 had been given both blood 
and anti-hemophilic globulin Venous clottmg time was 5 hours, recalcified plasma 
clotting time 17 minutes, prothrombin time normal Platelet count, bleeding time, 
and capillary fragilitv were normal 

EXPERIMENTAL STUDIES 

Demonstration of the -presence of anticoagulant in plasma 

Blood was obtained from each of the three patients using silicone- 
treated needles, syringes and tubes After centrifugation in an angle 
centrifuge at 5000 to 12,000 RPM for about 20 minutes, the super- 
natant plasma was removed This plasma was essentially platelet- 
free and failed to clot even when stored for days in glass tubes In 
this manner, permanently fluid native plasma was obtained without the 
necessity of adding anticoagulant to the blood The presence of spon- 
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taneously occurring anticoagulant was demonstrated by adding small 
amounts of this plasma to freshly drawn normal human blood and ob- 
serving the effect on the clotting time The results of two assays on 
each of the three patients are shown in Table 1 For comparison there 
IS mcluded in the table an identical study on the plasma of a hemo- 
philiac (A B ), who had no demonstrable anticoagulant m his blood 
It IS apparent that each of the three patients had a potent clotting 
inhibitor m his plasma The anticoagulants in the plasmas of J H 

TABLE 1 

Effect on (he clotlmg time of normal human blood of admixture with 
plasma from our 3 patients 

Patient A B %vas an ordinary hemophiliac without circulating anticoagulant, included 
for companson All clotting times were done by a 3 tube method, the recorded time 
being that of the third tube Addition of 0 5 cc or less of 0 85% sodium chloride solution 
to I cc normal blood had no effect on the clotting time, therefore, data for the saline 
controls are not included in the table 


1 

socmer op 

PLATEtFT PREE j 
PLAS^ ! 

1 

DATE 

CWTTIKG TIME IN UIN0TES OF 1 CC PORTIONS OP NORMAL BLOOD AT 37’C 
AFTER ADDITION OF PLATELET FREE PLASMA PROM PATIENT 
VOLDlfF OF PLASMA ADDED 

mm 

0 01 cc 

0 1 cc 

0 2cc 

os cc 

J H 

12-10-47 


[ 

39 

67 



3- 1-4S 

1 

mm 

32 

40 

43 


A V 

12-29-47 i 

13 


39 

75 

75 


1-27-48 j 

13 

20 

i 

57 


r y 

1 

2-17-48 1 

14 




68 


2-19-48 

18 


25 

31 

54 

A B 

1-13-48 

8 


9 1 

9 



and of A V were of such a titer that one part of the patient’s plasma 
m 100 parts of normal blood prolonged very appreciably the clotting 
time of the latter In the case of F Y , one part of the patient’s plasma 
m ten parts of normal blood was required to produce an unequivocal 

delay in clotting 

Naiure, of the anticoagulants 

Several studies were earned out m an attempt to identify the dotting 
inhibitors in the blood of these patients In an effort to demonstrate 
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a possible relationship of the anticoagulants to hepann, the effect of 
toluidine blue and of protamine on the clotting time was observed 
Serial concentrations of toluidine blue and of protamme, which were 
very effective m shortening the clotting time of heparinized normal 
blood, were used However, there was no significant effect of these 
agents on the clotting time of blood from these patients 

Assays of the plasma for proteolytic enzyme and for proteolytic 
enzyme inhibitor were made by Dr Oscar D Ratnoff and Dr David 
Grob Essentially normal values of both were obtamed in each 
instance 

In the case of F Y , the hemophiliac, precipitin tests were set up 
with the patient’s serum against normal plasma and against a solution 
of Fraction I of Cohn (containing antihemophilic globulin) No 
precipitins could be demonstrated 

Platelet-free plasma from each of the patients was dialyzed against 
0 85% sodium chloride solution without loss of anticoagulant activity 
In each case the anticoagulant withstood heat at 65°C for 5 minutes 

AnUthromhc actimty of the anticoagulants 

Tests were performed to determine the phase of blood coagulation 
in which the anticoagulants exerted their effects The prothombin 
times of patients J H and F Y were within the normal range and it 
seemed unlikely that their anticoagulants could be antithrombic 
However, the prothrombin time of A V was moderately prolonged 

Oxalated plasma from each patient was mixed with a solution of 
thrombm The clotting times obtained were compared with the clot- 
ting times of a series of normal plasmas similarly treated Table 2 
shows the results of this test 

The data reveal that none of the plasmas showed an increase in 
antithrombic activity Nevertheless, it seemed probable that the 
prolonged prothrombin time of patient A V might be accounted for 
by the presence in his blood of an anticoagulant rather than by a defi- 
ciency of prothrombin Evidence for this was provided by another 
type of examination 

Oxalated plasma from each of the patients was treated with barium 
sulfate to remove aU of the prothrombin The prothrombin-free 
plasmas thus obtained were used as diluents for a normal oxalated 
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plasma, one part of the normal plasma being added to four parts of 
prothrombin-free plasma m each instance The actual prothrombin 
concentration m each of these mixtures was 20% of the normal, since 
all of the prothrombin present was supplied by the portion of normal 
plasma As a control, a portion of the normal plasma used m the test 

TABLE 2 

Clotting time at 37'’C of 0 1 cc oxalaled plasma on addition of 0 1 cc 
bovine thrombin solution 

Each figure represents the mean of several determinations The tests on the 3 patients 
were done on different davs with different thrombin solutions and therefore cannot be 
compared with each other but onlv with the accompanying control value Several 
normal control plasmas vvere used in each instance and the results averaged 



. ... 

NORHAL 

CONTROLS 

A V 

NORMAL 

controls 

rv 

NORMAL 

CONTROLS 

Thrombin time 
(seconds) 

27 

30 

34 

38 

34 

36 


TABLE 3 

The prothrombin time of a normal plasma diluted to 20% mth normal prothrombin- 
free plasma compared with an equal concentration of the same normal plasma 
diluted with prothrombin-free plasma from the patient 
Ihc tests on the 3 patients were done on different days with different normal plasmas 
and cannot be compared with each other but only with the accompanying control 


SOOSCE OT PSOTHIOMBIN TSXZ PIASUA 



J H 

Normal 

Control 

A V 

Normal 

Control 

FY 

Normal 

Control 

Prothrombin time of 
normal plasma dilut- 
ed to 20% w ith pro- 
thrombin free plasma 
(seconds) 

41 

40 

50 

33 

46 

48 


was also treated with barium sulfate and was similarly employed as a 
diluent for the untreated normal plasma The results of the 
prothrombin time determinations on these plasma mixtures are shown 

m Table 3 r r v c 

When the prothrombin-free plasma of patient J H or of h wa 

used as a diluent for a normal plasma, essentially the same prothrom m 
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tune was obtained as when a normal prothrombin-free plasma was used 
as a diluent However, prothrombin-free plasma from patient A V 
definitely prolonged the prothrombin time of the normal plasma It 
seems evident that the prolonged prothrombin time of patient A V 
was the result of the presence m his blood of a clotting inhibitor 

AnMhromboplasHc actmty of the anticoagulants 

The antithromboplastic activity of plasma was estimated by deter- 
mination of the clotting time of platelet-free plasma on addition of a 
suspension of acetone-extracted rabbit brain thromboplastin The 

TABLE 4 

CloUtng time tii seconds {37°C ) of platelet-free plasma {sthcone techmc, 
no anhcoagulant added) on addition of an emulsion of acetone- 
extracted rabbit brain thromboplastin 


Different thromboplastin preparations were used in the 2 tests which are therefore not 
comparable In test II the plasma of an ordinary hemophiliac (Hem) was used for 
comparison instead of normal plasma 


TEST 

SOURCE OF 
PLATELET FREE 
PLASUA 

THROMBOPLASTIN DILWIONS 

Undilute 

1 10 

1 50 

1 100 

1 2D0 

1 400 

I 

Normal 

15 

19 

56 

108 

240 

320 


A V 

25 

71 

>600 

— 

— 

— 


F Y 

15 

21 

66 

170 

307 

419 

1 

II 

Hem 

15 

27 

58 

83 

160 

335 


J H 

15 

23 

45 

56 

79 

138 


A V 

23 

77 

196 

250 

525 

— 


plasmas used in the test were obtamed by the sihcone technic in the 
same manner as for the anticoagulant assay previously described Al- 
though the platelet-free plasma from each of the patients could be kept 
indefinitely in glass tubes without evidence of dotting, coagulation oc- 
curred promptly on addition of thromboplastin Serial dilutions of 
the thromboplastic preparation were used in the test Table 4 shows 
the results of two of these assays 
The response to thromboplastin of the platelet-free plasmas of J H 
and F Y appeared to be essentially normal However, the clottmg 
times of the plasma of A V were considerably prolonged The plasma 
of A V has already been shown to contain a clotting inhibitor which 
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delays the conversion of prothrombin to thrombin Whether this in- 
hibitor IS actually antithromboplastic, or whether in some other way 
It inhibits activation of prothrombin, could not be established How- 
ever, the results indicate that with decreasing concentrations of 
thromboplastin the effect of the clotting inhibitor was much more evi- 
dent When oxalated plasma from patient A V was mcubated with 
thromboplastin before recalcifymg, there was no evidence of inacti- 
vation of thromboplastin 


DISCUSSION 

A number of case reports have appeared in the literature m which 
atypical hemorrhagic diatheses have been found to be associated with 
prolongation of the coagulation time In most of these cases the cause 
of the delay m clotting was not determined For example, Madison 
and Quick (7) in a recent paper describe a case and mention several 
others in which a hemophilia-like disease was observed in the female 
In these cases no anticoagulant assay was reported It seems not im- 
probable that in at least some of these patients a circulating antico- 
agulant may have been the cause of the coagulation defect 

In 1940, Lozner et al (6) reported the case of a 61 year old mulatto 
with a hemorrhagic disorder associated with the presence of a circu- 
lating anticoagulant The patient was found to have a positive sero- 
logic test for syphilis and glandular tuberculosis The source of the 
anticoagulant was not determined The anticoagulant was relatively 
thermostabile and non-dialyzable Its effect was not altered by pro- 
tamine and therefore it did not appear to be heparin The prothrom- 
bin time was reported to be normal, so that it seems likely that the 
anticoagulant must have interfered with the first stage of coagulation 

A circulating anticoagulant developing in the plasma of hemophiliacs 
following repeated transfusions has been described by Lawrence and 
his associates (3, 5) and by Munro (8, 9, 10) Three such cases have 
now been reported Study of these cases showed that the anticoagu 
lant was associated with the gamma globulins Craddock and Law- 
rence (3) were able to demonstrate in the sera of their patients 
precipitms against normal plasma and against Cohn’s Fraction I con- 
taining the antihemophilic globulm They believe that the antico- 
agulant m the hemophiliac is an antibody against the antihemophilic 

globulm 
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ChargafE and West (2) reported the case of a woman with a hemo- 
phiha-like disorder m whom the prolonged clotting time was caused by 
a circulatmg anticoagulant The anticoagulant was not inhibited by 
protamine It was not antithrombic, but its effect was overcome by 
tissue extract thromboplastic protein No cause for its appearance m 
the blood was found 

A hemorrhagic disorder in a 39 year old female was described by 
Fantl and Nance (4) The patient was shown to have a circulating 
anticoagulant which appeared to be antithromboplastic for human 
brain thromboplastin but not for rabbit brain There was no anti- 
thrombic activity The bleeding tendency m this patient appeared 
several months after a normal pregnancy 

Castex (1) mentioned bnefly 5 cases of “pseudohemophilia” with 
prolonged coagulation time m which the clotting time was shortened 
in vivo and in vitro by protamine He attributed the disorder to the 
presence of heparin m the blood The clinical situations were not 
described 

The anticoagulants which we have described appear to be different 
m each of the three cases If the thesis of Craddock and Lawrence is 
accepted, the clot inhibitor in the hemophiliac is of antibody nature, 
developing as a result of therapeutic administration of a protein present 
m normal blood but foreign to the hemophdiac We were unable to 
demonstrate precipitins against antihemophilic globulin in our hemo- 
philic patient, but a relationship between previous transfusions and the 
production of the anticoagulant seems not unlikely Patient J H , 
whose anticoagulant resembled that of the hemophiliac m its mode of 
action, had not been transfused before his coagulation disorder oc- 
curred His anticoagulant must have been produced by some other 
mechanism The clotting inhibitor of A V was very different from 
the others m its mode of action The anticoagulant in each patient 
was relatively heat stable, non-dialyzable and probably protein 
in nature 

The anticoagulants of patients J H and F Y did not appear to be 
antithrombic nor antithromboplastic Their action, therefore, must 
precede the liberation of active thromboplastin in the blood It seems 
probable that they exert their effect by preventing the conversion of 
a thromboplastin precursor to its active state On the other hand, 
the clotting inhibitor m the plasma of A V definitely delayed the con- 
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version of prothrombin to thrombin even m the presence of an excess 
of active thromboplastin 

The discovery of cases such as we have reported emphasizes the 
importance of carrying out anticoagulant assays on the blood of ail 
patients with prolonged coagulation time It seems probable that 
these cases are not as rare as a survey of the hterature would lead one 
to believe No doubt many of the reported cases of hemophiha-like 
disorders could have been shown to be of this type These cases pre- 
sent a serious problem with regard to therapy The anticoagulants 
are so potent that their effects obviously could not be overcome even 
by massive transfusions We know of nothing which will serve as an 
antidote to their actions 

SUMMARY AND CONCLUSIONS 

1 Three cases are reported in which a hemorrhagic diathesis with 
prolonged clotting time has been found to be associated with the pres- 
ence of an anticoagulant in the blood 

2 Studies on the nature and mode of action of these anticoagulants 
are described 

3 The importance of performing anticoagulant assays on the blood 
of patients with prolonged clotting times is emphasized 
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I INTRODUCTORY REMARKS 

It IS well known that diphthena is caused by the growth of virulent 
C diphthenae organisms m various tissues of a susceptible host, re- 
sulting in the elaboration and absorption of a soluble exotoxm capable 
of producing serious damage to some of the body’s most vital cells 
The primary infection in the majority of cases occurs m the respiratory 
tract, though lesions m the skin are not uncommon and other sites are 
occasionally involved This primary infection is an intense inflamma- 
tory reaction producing edema of the surrounding tissues and usually 
a tough, membranous type of superficial exudate This bactenal in- 
fection tends to be a localized one, and though the whole respiratory 
tract may often be involved from the nares to the bronchioles, mvasion 
of the deeper tissues by the organisms with suppuration or spread into 
the lymphatics or blood stream almost never occurs The toxm, on the 
other hand, is rapidly absorbed and is responsible for the systemic 
symptoms charactenstic of the disease Certam types of cells — par- 
ticularly those of the myocardium, the nervous system and the 
adrenals — seem to be more susceptible to its action than most of the 
other tissues of the host The therapeutic approach to the problem, 
therefore, is concerned with relief of obstructive symptoms caused by 
this peculiar type of inflammation in the respiratory tract, and always 
calls for neutralization of the circulating toxin as quickly as possible, 
before it is fixed by the susceptible cells 
Because of the extensive programs that have been instituted through- 
out the whole country, and especially m the large cities, for control of 
diphtheria by immunization with toxoid, there is a dangerous tendency 
for the medical profession as a whole to feel safe regarding this in- 
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fection However, diphtheria stiU presents a problem of great impor- 
tance to the general medical profession, and several reasons may be 
given here m support of this statement 

1 There has been an mcrease m prevalence of diphtheria through- 
out the United States in the past few years (1) This certainly has 
been true in Baltimore, where in 1944 there were 227 cases with 13 
deaths, in 1945, 352 cases with 19 deaths, and in 1946, 419 cases with 
20 deaths This is in contrast to the situation in 1943 when the inci- 
dence was 109 cases with 3 deaths and in 1942 when 74 cases were re- 
ported, with no deaths In 1947 the incidence dropped again, there 
being 143 cases with 4 deaths (2) In considering these outbreaks and 
the common occurrence of the severe and even malignant form of diph- 
theria, one wonders at once whether or not a new type of corynebac- 
termm may be responsible However, no evidence has been obtained 
to indicate that this can be related either to strain difference or to an 
increase in virulence of the organisms There is a definite possibility, 
however, that such outbreaks may be due, at least to some extent, to 
the large influx' of war workers from rural areas, such groups being, pre- 
sumably, more susceptible to the infection, due either to lack of im- 
munization or lack of previous contact with the organisms 

2 A second point that deserves emphasis is that diphtheria is too 
often considered a problem primarily for pediatricians However, one 
purpose of the present study is to show that such an attitude is neither 
a logical nor a safe one, for there have been many instances of the in- 
fection in young adults and even in patients m the older age groups 
There actually seems to be a tendency to a rising age incidence, this 
is fairly definite in the Baltimore statistics and there seems to be a simi- 
lar trend in other parts of the country These figures likewise must 
have been influenced to some extent by the crowding of non-immune 
war workers into the large cities This point of age incidence is further 
emphasized when we consider the common occurrence of diphtheria 
outbreaks in the service personnel during the years of the War, such 
outbreaks having been encountered in all parts of the world 

3 It has likewise been noted in the recent epidemics in Baltimore 
that many of the patients gave a definite history of previous immuni- 
zation (3) This same phenomenon was reported in 1946 from a Ca- 
nadian Province (4) and also in a “highly immunized community m 
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Great Britain m 1947 (5) Consequently, one cannot rely on a history 
of toxoid administration to rule out the diagnosis of diphtheria, nor 
can one always rely on a history of a previous attack of diphtheria to 
rule out the possibility as there are occasional mstances in which two 
definite attacks have occurred in the same individual 

4 There is another fact that has been thoroughly established but 
often lost sight of, namely that most cases of diphtheria can be cured 
if recognized early and treated tmmedtately with adequate amounts of 
antitoxin The great importance of the time factor does not seem to 
be adequately appreciated The diphtheria toxin is comparable in 
many ways to that of tetanus, and also to many viruses If it is not 
inactivated by antibodies it is taken up by susceptible cells and evi- 
dently fixed by them m such a way as to be protected from the anti- 
bodies Its damaging effect on these cells may not be apparent at once 
but may appear a few days or weeks later as some of the serious delayed 
manifestations of the infection A good example of the way in which 
diphthena toxm may be fiixed rapidly by cells is shown m the virulence 
test in which the reaction is carried out in the skin of the rabbit In 
this test a small amount of the culture filtrate is injected into the shaved 
abdommal skm of the rabbit, and 5 hours later a large dose of antitoxin 
IS given intravenously In a positive test, in spite of the presence of 
a great excess of antibodies in the circulating blood, a wide area of skin 
shows signs of an acute inflammation, which reaches its height long 
after the antitoxin has been injected In other words, though the 
spread of the toxin may be limited m this manner and its systemic 
effects prevented, the local cellular reaction continues, apparently un- 
mfluenced by the antioxin Consequently, if we are justified in com- 
paring this reaction to the natural mfection, we have an additional 
argument for the possible hfe-savmg effect of diagnosing and treating 
diphtheria in its earliest stages, before damage to vital cells has become 
too great or irreversible 

n THE CXINICAL PICTURE OF DIPHTHERIA NOTED IN A SERIES OF 
30 CASES RECENTLY OBSERVED 

The object of the present study was to pomt out the clmical and 
pathologic features of the more severe forms of diphtheria by an analy- 
sis of a group of 30 cases which have recently come under observation 
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Five of these patients were treated at The Johns Hopkins Hospital and 
25 at The Sydenham Hospital for Infections Diseases They were all 
seen in the past few years, and except for 3 of those at The Johns 
Hopkins Hospital they were seen in 1945-1947 The selection of cases 
was based on their ability to demonstrate the salient features of the 
severe form of the acute ilbess which we wished to point out There 
were no children in this group under the age of 3 years and many were 
older children or adults In our selection we tended to pick out a 
group of patients who were older than the average of those admitted 
to The Sydenham Hospital Consequently, though there has been an 
increase in the age level of patients with diphtheria in Baltimore in the 
past few years, our figures m this small series are not meant to empha- 
size that point Some of the cases were problems in diagnosis, most 
of them showed the dangerous complications or manifestations 
that may occur early or late, and a few served to illustrate the “ma- 
lignant” type of infection The chief points of interest are illustrated 
in Table I 

From a consideration of the data shown in the table, and from more 
complete analysis of the patients’ records, the clinical picture of diph- 
theria as demonstrated by this group of cases may be analyzed 
as follows 

(A) Hniory and Symptoms Aside from a story of exposure to a 
known or suspected case of diphtheria, there is little of real diagnostic 
importance in the patients’ symptoms that will differentiate this from 
other acute infections of the upper respiratory tract The initial symp- 
toms are usually sore throat and rather marked prostration, while the 
temperature is only moderately elevated Vomiting is a common oc- 
currence, particularly in children, but probably not more so than m 
other acute infections Following tins there are frequently symptoms 
of partial obstruction to the nares, pharynx or larynx depending on the 
location of the infection A sanguineous discharge from the nose is 
very suggestive of diphtheria, though its incidence is not high The 
diagnosis is seldom suspected during the first 2 or 3 days, and the 
patients are usually given symptomatic treatment or one of the sulfon- 
amides As was mentioned previously, a good proportion of the cases 
m these recent outbreaks has been in patients giving a history of im- 
munization with toxoid-12 out of 30 being m that category m our 
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senes This problem deserves further analysis and study in order to 
determine whether or not enough doses of toxoid had been given, 
whether the standard toxoid is maximally antigemc, etc 

Another point which serves to emphasize the fact that the history 
(and even the prehminary examination of the patient) does not lead 
to an early diagnosis is shown by the lapse of time before antitoxin is 
given In these 30 patients the duration of the symptoms prior to 
diagnosis and treatment varied from 2 to 17 days, with an average of 
4 7 days The chief reason, however, for this failure to make an early 
diagnosis in diphtheria is not so much the lack of specificity of the 
symptoms and signs as it is the failure of the physician to consider this 
as a prominent possibility m all patients with acute infections of the 
upper respiratory tract 

(B) Physical Findings The patient with diphtheria is apt to appear 
more ill and prostrated than one would expect from the temperature 
elevation and there is often tachycardia which is out of proportion to 
the fever, in comparison with other acute respiratory infections A 
bloody nasal discharge is a very important finding from a diagnostic 
standpoint — as mentioned earlier The local lesion — whether it be in 
the nose, throat or lar3mx — is usally a tough, membranous type of ex- 
udate attached firmly to the tissues and tending to be confluent rather 
than spotty or punctate The borders of the “membrane” are usually 
fairly sharply demarcated and the surrounding tissues — particularly 
those m the pharynx — show varymg degrees of edema and redness 
This edema at times tends to be so marked as to make it nearly im- 
possible for one to get a good view of the posterior phaiyngeal wall and 
the exudate itself may be entirely hidden It is in this type of case 
that the diagnosis of diphtheria is frequently overlooked and prec^ous 
time may be lost m waiting for the culture reports The most typical 
local lesions are those m which there is a membrane in the nares or the 
larynx, or on the posterior pharyngeal wall and extending up over the 
soft palate and uvula In such cases a positive diagnosis can be made 
at once and antitoxin given immediately 

Cermcal adenitis of greater or lesser degree is present m nearly aU 
patients, and m the tonsiUar or pharyngeal types it often becomes very 
marked Frequently m the patients who are severely lU the adenitis 
IS accompamed by a marked edema that is brawny m character, tender 
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to touch, and which obhterates the normal curves between the mandi- 
ble and the davicle This results m the so-called “bull-neck” appear- 
ance This condition has been encountered so frequently dunng the 
recent epidemics, and has been assoaated so regularly with the most 
severe types of infection, that the term “bull-neck” diphtheria is often 
used to describe a particularly malignant variety One wonders 
whether in these cases there may not be some strain difference of the 
infecting microorganism, which is not determined by the usual bio- 
logical tests or whether other organisms may play a secondary role 
Further studies should be done m hopes of clarifying these points, but 
routine cultures so far have not revealed secondary invaders that could 
be considered specific in producing this reaction In the present senes 
the bull-neck swelhng was a prominent feature m 18 cases (60%) 

Laryngeal or iracheo-bronchtal ohstrucUon was encountered m 15 
(50%) of the patients and was nearly always relieved by prompt tra- 
cheotomy and suction The suction could usually be accomphshed 
successfully by rubber catheters but repeated bronchoscopic aspiration 
IS often necessary These patients show varying degrees of obstruc- 
tion, with difficult wheezing respirations, cyanosis, and retraction of the 
interspaces or of the whole chest wall with inspiration Signs of ate- 
lectasis or pneumonia also may be present After tracheotomy pieces 
of membrane may be aspirated, and at times whole casts of the trachea 
or of the tracheo-bronchial tree can be obtained Such procedures 
result m dramatic improvement in the patient’s condition, but may 
need to be repeated many times An indication of the success of this 
therapy is shown by the fact that atelectasis seemed to be an impor- 
tant contnbuting cause of death in only one of this group of patients, 
and in one other it was felt that tracheotomy may have been delayed 
too long, thus resulting in damage to the brain from anoxia None of 
the deaths, however, could have been attributed entirely to laryngeal 
obstruction 

The Heart The cardiac manifestations of diphtheria wiU not be dis- 
cussed in any detail m this report as that aspect of the disease will be 
dealt with specifically in a study of a large group of patients from The 
Sydenham Hospital (6) Most patients who suffer from the severe 
form of diphtheria show evidence of myocardial involvement, and a 
high proportion of the deaths are due directly to this “comphcation ” 
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In our group, 27 cases showed evidence of inyocardtal damage This 
IS usually determined ^particularly in the sickest patients — on clinical 
grounds, but in others only electrocardiographically The pathologic 
findings will be mentioned later The myocardial damage may occur 
during any stage of the infection, in some it occurs early and as part 
of an overwhelming toxemia, in most it is found during the height of 
the disease, and in others it appears late, and the s3miptoms may de- 
velop suddenly when the patient seems well on the way to recovery 
Many times it is accompanied by sudden circulatory collapse, 
this, however, is not always associated with demonstrable myocardial 
changes pathologically, as will be brought out later The most re- 
liable chmcal s^gns of diphtheritic myocarditis are a soft or weak first 
heart sound, particularly if a definite change has been noted in this 
sound from previous observation, an increase in heart rate, a fall in 
blood pressure , and in some cases enlargement of the liver This latter 
finding IS most commonly noted m young children Arrhythmias of 
various types may be noted, extrasystoles and complete heart block 
being apparent from clinical grounds, and tachycardias such as ven- 
tricular tachycardia and auricular flutter usually being diagnosed by 
the electrocardiogram Signs of congestive failure may occur m a few 
patients— if the patients survive long enough — but this is not a com- 
mon finding During the acute phase of the myocarditis in the patients 
studied recently at The Sydenham Hospital there was frequently found 
an increase in circulation time and sometimes a moderate increase m 
venous pressure Further studies are being carried out along these 
lines, but one of us (S C ), has observed enough patients with these 
findings to feel that they offer methods by which the diagnosis of myo 
cardial weakness may be determined early and a means of following the 
efficacy of treatment 

The electrocardtograpJnc changes are varied and not specific for diph- 
theria, but alterations from the normal tracing are observed so com- 
monly — even in the milder cases— that the electrocardiogram offers us 
a useful test for diagnosis and prognosis of this complication In the 
cases we are discussing the changes varied from the milder type, m 
which there was a slight alteration in the T-waves or increase in con- 
duction time, to the most severe types such as complete heart bloc 
The most significant findings in this group-with most patients show- 
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mg more than one abnormality — may be summarized roughly as fol- 
lows Lowering or inversion of T-waves was noted m 14 instances, de- 
pression of the S-T segments mil, incomplete heart-block (including 
slight prolongation of the P-R interval) m 5, right a\is deviation 5 times, 
and lowered voltage 5 times Complete auriculo-ventncular block 
occurred 12 times and intraventricular block 9 times Both of these 
were, of course, interpreted as evidence of advanced myocardial damage 
and as very grave prognostic signs, in most cases being found shortly 
before death Ventricular tachycardia was diagnosed three times, au- 
ricular flutter twice, and auricular fibrillation once In most of these 
patients, though it was felt very likely from clinical findings alone that 
myocarditis was present, the electrocardiograms were of great impor- 
tance, not only m determining the degree of myocardial damage but 
also m following its trend from day to day or even from hour to hour 
Ctrculatory Collapse It is well recognized that shock is a common 
occurrence m many types of acute infection, and this is particularly true 
of diphtheria Rich (7) observed necrosis and “tubular degeneration” 
in the fascicular layer of the adrenals m many patients dying of severe 
acute mfections mcludmg diphthena, and speculated on its probable 
importance m producing circulatory collapse There were 5 instances 
in the present series m which this pathological finding was noted m pa- 
tients who developed sudden circulatory failure just before death, and 
it was felt that it may have played an important role m the fatal out- 
come In one of these there was no microscopic evidence of myo- 
carditis However, the exact importance of this adrenal lesion 
cannot be definitely stated at the present time, and attempts at replace- 
ment therapy with adrenal cortical substance so far have not proved 
effectual, though the dosage employed may not have been adequate 
Perhaps further studies on a larger series of cases will throw more light 
on this particular aspect of the problem 

T he Nercous System Paralysis of various cranial or peripheral nerves 
IS a common accompaniment of diphtheria, the former occurnng most 
often m the acute phase or shghtly later, and the latter usually being 
delayed — sometimes as late as six weeks or longer after the acute attack 
This late type of nerve lesion, which apparently has no analogue m any 
of the other mfections m which neurotropic toxins or viruses are in- 
volved, must be due to early fixation of the toxin m the nerve cells and 
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then to very gradual changes m those cells, often taking weeks to de- 
velop to the clinical stage of peripheral neuritis The recovery of the 
paralyzed muscles is slow, but usually complete The earlier paraly- 
ses, which are most apt to involve the palatal muscles, are more serious 
complications because they usually occur when the patient is most 
acutely ill and make the problems of feeding and respiratory exchange 
more difficult during this critical period of the infection This early 
type of paralysis is due to muscular damage, caused by local diffusion 
of the toxin, while a later type is a true nerve palsy and may come on 
three weeks or more after the acute onset 
As shown m the table, paralyses of one type or another were en- 
countered m 9 patients in our group In these cases there were 6 in- 
stances of palatal or pharyngeal paralysis, one each of ocular and dia- 
phragmatic paralysis, and 4 instances of polyneuritis Whereas aU of 
these paralyses could be considered serious manifestations of the dis- 
ease, the most dangerous ones were the palatal lesions, which occurred 
at the height of the infection in all except one patient and always in 
association with other complicating factors 

The Kidneys While it is very common to find a moderate degree of 
albuminuria at one time or another m severe cases of diphtheria, a diag- 
nosis of nephritis does not seem justified unless there are repeated 
findings of heavy albuminuria — and often casts as well — in association 
with elevation of the non protein nitrogen in the blood In 6 of our 
patients the diagnosis of nephritis was made on clinical grounds, but 
in none was it proved pathologically, as two of them recovered, no au- 
topsy was done m another, and the other 3 showed only cloudy swelling, 
hydropic changes, and in one necroses and hyaline droplets in the renal 
tubular epithelium Determinations of non protein nitrogen in the 
blood were not made in every case, but the table shows that it is fre- 
quently elevated considerably even without definite evidence of ne- 
phritis This must be due in part, at least, to temporary renal insuffi- 
ciency in association with myocarditis and impaired renal circulation, 
but other factors may play a role, and preliminary determinations have 
shown that the electrolyte pattern may be very much altered in the 
patients who are senously ill with diphtheria Such findings may be 
related to damage to the heart or the adrenals rather than to a true 

nephritis 
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(C) Laboratory Findings Leiicocytosis The white blood cell count 
IS usually stated to be only moderately elevated m diphtheria, but 
most of our cases showed a rather marked leucocytosis In this series 
of patients the highest counts varied from 7,500 to 56,000, with an aver- 
age of 20,600 per cubic millimeter Many of the high values may have 
been due to the fact that other bacterial throat infections were fre- 
quently superimposed on the diphtheria — as shown by the culture re- 
ports No definite correlation was noted between the severity of the 
diphthena and the height of the white blood cell count 

Bacteriological Studies Cultures from the throat, nose or trachea 
were positive m every case for C dipthenae and in some instances the 
organism was grown from each of these sites The tendency for the 
organisms to remain localized rather than to penetrate more deeply 
into the tissues or to invade the lymphatics or blood stream is illus- 
trated by the fact that, with one exception, these bactena were never 
isolated from other tissues or from the blood In the one exception, 
(patient T L ), a positive culture was obtained from the heart’s blood 
]ust after death This strain of C diphtheriae was reported as being 
“non-virulent” just as the throat culture had been in this typical and 
fatal case of diphthena It is probable that this represents a terminal 
invasion of the blood stream, but it is possible that positive blood cul- 
tures rmght be obtained more often in the patients who are most seri- 
ously lU Further indication that the diphtheria bacillus may, m an 
exceptional instance, invade the blood stream is afforded by a recent 
case report of a patient with bacterial endocarditis that was shown to 
be due to C diphtheriae (8) 

It IS also of interest to note that in our series the routme virulence 
tests resulted m reports of “avirulent” organisms in 6 of the cases In 
one patient the strain was found avirulent in one laboratory and viru- 
lent m the other, and in another the organism recovered from the 
trachea was found virulent and that from the nose avirulent In none 
of these patients was there any question regarding the diagnosis of 
diphtheria The methods employed in all these tests were the standard 
guinea-pig tests, which are done at times with the mixed culture, or 
more accurately with a pure culture Ordinarily these are considered 
rehable tests for virulence, but it is obvious from this small senes that 
they are not always accurate Possibly other types of reactions, either 
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employing the rabbits’ skin or the chicken in the experunent, may prove 
to be more reliable, or some other animal may be found in which the 
diphtheria toxin produces effects more closely parallel to its effects in 
the human being 

Other Bacter^a Various orgamsms other than diphtheria bacilli were 
isolated in the routine cultures of the nose, throat or trachea from most 
of the patients (as shown m the table) In most cases a heavy growth 
was obtained, making it appear that they may have been of some clini- 
cal significance in increasing the severity of the infection This seems 
more likely in the case of beta-hemolyhc streptococci than the others, 
this organism being recovered from 14 of the patients It is because 
of the frequency of such cultural findmgs that antibiotic or chemo- 
therapy IS justified in hopes of modifying the infection, rather than for 
its effect on the diphtheria itself 

III DIFFERENTIAL DIAGNOSIS 

A few of the more common acute infections that frequently cause 
difficulty m diagnosis will be mentioned briefly 

(1) Acute tonsillitis or pharyngitis The majority of these infec- 
tions are caused by beta-hemolytic streptococci, and at times are very 
difficult to differentiate from pharjmgeal diphtheria If the pharyn- 
geal lesion contains a confluent, membranous type of exudate, the diag- 
nosis of diphtheria is very likely as the streptococcal infection usually 
results m a more patchy exudate which can be wiped off with a throat 
swab The diphtheritic membrane is tough in consistency and is apt 
to leave a bleeding surface when scraped off The patient with a strep- 
tococcal infection is apt to have a higher temperature than the one with 
diphtheria, and yet the latter usually looks sicker and is more apt to 
show signs of myocarditis Smears and cultures should be taken from 
beneath the exudate and incubated immediately on Loeffler’s medium 
and on blood agar A positive smear for C diphtheriae may be ob- 
tained from the Loefller’s medium in 8-12 hours In a patient, how 
ever, in whom there is any suspicion of diphtheria, antitoxin should be 

given 

(2) Vincent’s infection In these cases the exudate is usually con- 
fluent and therefore hard to distinguish from diphtheria but the base 
has a tendency to ulcerate more deeply into the tissues In these pa- 
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tients a smear taken from beneath the exudate will be positive for the 
fuso-spirochetal organisms characteristic of the infection In a doubt- 
ful case a presumptive diagnosis of diphtheria should be made and the 
patient treated accordingly Likewise, it is weU to bear in mind that 
in an occasional case both infections may occur at the same time, and 
the diagnosis of diphtheria may be missed when that of Vincent’s 
angina is established 

(3) Infectious mononucleosis It is a fairly common occurrence for 
patients with the “anginal” type of this disease to be diagnosed diph- 
theria on the basis of the appearance of the throat However, the 
correct diagnosis is usually made by the finding of enlargement of 
glands other than the local ones, a palpable spleen, and abnormal lym- 
phocytes in the blood smear The heterophile agglutimns appear in 
the blood in significant titers after ten days to two weeks and help to 
settle the diagnosis We were interested to find several examples, how- 
ever, of patients m whom both infections were present simultaneously 
One of these patients, who was seen at The Johns Hopkms Hospital, 
showed all the characteristic features of infectious mononucleosis, and 
was treated as such for 10 days before the presence of diphtheria was 
determmed He continued to have fever and a membranous lesion 
in the throat from which positive cultures of C diphthenae were ob- 
tained only after the third attempt The diphtheritic throat infec- 
tion cleared up rapidly after antitoxin was administered Two similar 
cases were observed withm the past two years at The Sydenham 
Hospital, but in them the correct diagnosis of diphtheria was made on 
admission and they were treated at once with antitoxin We have not 
encountered any similar report of the co-existence of these two infec- 
tions, but believe that more cases wall be found if the possibihty is 
considered more often 

(4) Laryngo-tracheo-bronchitis and “croup” A child with a typi- 
cal attack of croup may be no problem m diagnosis, because there is 
often a history of previous attacks with mild respiratory infections, 
with the symptoms usually developmg at night Moreover, though 
there may be considerable respiratory difficulty due to laryngeal 
edema, the child usually does not have much fever and may not seem 
very sick However, there is a type of non-diphtheritic laryngitis, 
often associated with tracheitis and bronchitis, m w’hich the child has 
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high fever, and may rapidly become seriously ill due to the acute in- 
fection and to respiratory obstruction Such infections are usually 
caused by beta hemolytic streptococci, pneumococci or H influenzae 
and may be very hard to differentiate from diphtheria The diag- 
nosis may be made by examination of the throat and the larynx, and 
by cultures However, it is often necessary to give diphtheria anti- 
toxin when the diagnosis remains in doubt rather than wait for the 
cultures Many times these patients with laryngo-tracheo-bronchitis 
require tracheotomy, which with antibiotic or chemotherapy may be 
life saving 

(5) Peritonsillar Abscess In some cases of pharyngeal diphtheria 
the inflammatory edema is intense and localized enough to cause the 
tissues to bulge forward m the nature of a peritonsillar abscess Con- 
sequently many cases are so diagnosed and the suspected abscess is 
either incised or aspirated This is a dangerous procedure in diph- 
theria, as the local situation is made worse rather than better inas- 
much as no pus is released, and particularly because large amounts of 
toxin may be spread into the lymphatics and bloodstream in this way 
Consequently, m any doubtful case, if it seems absolutely necessary to 
incise what seems to be a peritonsillar abscess, the patient should be 
given a large dose of diphthena antitoxin first This situation is illus- 
trated by the case of J K , ( 13 in the table) as will be mentioned 
later Another patient, a 10 year old girl ( ^3 A F ) showed an ex- 
treme degree of peritonsiUar swelling with bulging and there was a 
membrane on both tonsils Those who first saw the patient felt that 
an abscess was present and that it should be incised or aspirated It 
was decided, however, that the whole process could be explained on the 
basis of diphtheria and this decision was borne out by the fact that the 
throat lesions responded well to antitoxin Similar situations occur 
fairly frequently in outbreaks of diphtheria, so that any case of 
suspected peritonsillar abscess should be examined critically from this 
standpoint and treated as diphtheria unless proved otherwise 

(6) Other Conditions In some patients with diphtheritic myocar- 
ditis the condition at times is confused with acute rheumatic fever, and 
in the absence of joint pains the differentiation may present some diffi- 
culties This IS particularly true of the cases m which the myocardial 
changes are not severe and where there is no definite evidence of valve 
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lesions At such times the diagnosis rests on careful exanunation of 
the local lesions and on repeated throat cultures in suspicious cases 

The early nerve lesions appeanng during the height of the infection 
seldom present much of a diagnostic problem However, the penph- 
eral neiintts which usually has a delayed onset is often hard to differ- 
entiate from other types of neuntis In these cases the primary 
infection may have been rather imld, and frequently the diagnosis of 
streptococcal pharyngitis had been made without taking cultures In 
such patients the correct diagnosis is only suspected in retrospect, but 
may be supported occasionally by the persistence of positive throat 
cultures and residual changes m the electrocardiograms The sequence 
of swallowing difl&culty, loss of accommodation for near vision, then 
peripheral weakness — usually without paresthesias — is characteristic 
In many cases the spinal fluid proteins are elevated, with no or only 
shght increase in cells In this aspect, as well as in the character of the 
penpheral neuntis, diphtheritic polyneuntis may resemble the Gmlhan- 
Barre syndrome very closely 

IV TREATMENT 

The therapeutic problem in diphthena involves three mam cate- 
gories (a) neutrahzation of the circulating toxin as rapidly as pos- 
sible, (b) relief of obstructive symptoms and (c) maintenance of an 
efficient circulatory system As soon as the diagnosis of diphthena is 
suspected, the patient is tested for sensitivity to horse serum, and if 
the tests are negative, the antitoxin is given at once If the tests are 
positive the antitoxin is given in small and increasing doses at intervals 
of approximately one-half hour until the total amount has been given, 
the usual precautions are, of course, observed to deal with possible 
serum reactions The usual method of administration is intramuscular 
for patients who are moderately ill, and intravenously for those whose 
infection is more severe In most cases the total dose is given m one 
injection, and though there are no accurate methods of determimng 
the exact amount needed, the plan is to be sure that an excess of anti- 
bodies IS gotten into the blood as quickly as possible In this group 
of severly ill patients the dosage vaned from a low of 40,000 units to a 
high of 220,000 units, vith an average of 120,000 Except for one pa- 
tient, who received 40,000 umts, the minimum dose was 80,000 — even 
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in the case of small children The one patient (J K ^ 13), who was 
given the small dose, had been treated late because he had been diag- 
nosed in another hospital as having a peritonsillar abscess The diag- 
nosis of diphtheria was therefore delayed because of this and he received 
specific therapy 17 days after the onset The result m his case was 
death from myocarditis 65 days after admission, and the heart muscle 
showed extreme changes with destruction of cells, round- cell infiltration 
and fibrosis In all the other patients the dosage of antitoxin was 
equal to or well above what is ordinarily considered adequate, though 
the tendency recently has been to give larger amounts The average 
in this series of 120,000 units is quite high This is the result of se 
lection of the cases for their severity and the tendency to give larger 
doses to the more seriously ill patients It is interesting to note, how 
ever, that in spite of this probable excess of antitoxin, the progress of 
the myocarditis in many of these patients is not obviously altered In 
such cases the toxin presumably has been fixed by the cells of the myo- 
cardium early in the course of the infection These tissues then may 
either go through a gradual or rapid process of cellular damage in spite 
of the antitoxin which almost certainly does not penetrate into the cell 
itself Larger amounts of antitoxin would not help in such cases, but 
it IS important to be certain that there is an excess of antibodies m the 
blood as long as toxin is being formed at the site of the local lesion 
We will know more about the adequacy of such therapy when determi- 
nations of antitoxin levels in the blood have been made on a series of 
cases after specific treatment These blood levels should be followed 
for several days m order to be sure of an adequate titer over the penod 
of the acute infection 

The problem of deahng with obstructions m the various parts of the 
respiratory tract has been mentioned earlier and will only be summa- 
rized bnefly The wide experience at The Sydenham Hospital of Dr 
Horace Hodes, Dr Margaret Smith and others has served to empha- 
size the unportance of early tracheotomy, before cerebral anoxia has de- 
veloped and before the child has become too fatigued from severe and 
prolonged respiratory effort Aspiration by suction— or particularly 
m those whose obstruction is lower down and who develop atelectasis— 
by bronchoscope, often produces dramatic improvement An oxygen 
tent IS frequently necessary, and it is important that the atmosphere 
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in the tent be saturated with water vapor and preferably kept at body 
temperature 

In treating derangements of the circulatory system m diphthena one 
IS often faced with a very difficult problem, one which does not have a 
parallel in any other condition The reason for this is that circulatory 
failure may develop early in the course of an overwhelming infection 
with chnical and electrocardiographic evidence of severe myocardial 
damage, it may develop late, when the patient seems well on the way 
to recovery and in these cases also is usually associated with cardiac 
abnormahties, or circulatory collapse may occur during any phase of 
the acute infection and at times may not be explicable on the basis of 
myocardial damage This problem of therapy will not be dealt with 
in any detail here, but it has been found that digitalization is not only 
a safe therapeutic procedure when carried out carefully but one that 
may be of real benefit, even during the acute phase of myocarditis, and 
is not contraindicated by signs of severe damage to the conduction 
system (9) The treatment of this “shock”, when fully developed, is 
very difficult and on the whole has been unsatisfactory in the patients 
who are cnticaUy lU Oxygen is given and a cautious attempt may be 
made to support the circulation with intravenous fluids, and thus to 
tide the patient over the most acute phase of the illness Other sub- 
stances have been tned — such as fifty per cent glucose, ascorbic acid 
and adrenal cortical hormone — but without evidence of any real bene- 
fit This whole subject is being reviewed more completely m the other 
communication (6) 

PemciUin was given intramuscularly m most of these patients dunng 
the past 2 years or more In spite of the fact that the diphthena 
baalh are sensitive to penicillin, it was not found that the diphthena 
itself was altered by its use, the probable explanation being that there 
IS no evidence of its having any effect on the toxin The chief purpose 
of the peniallin therapy was an attempt to prevent or ehrmnate other 
bactenal infections, and possibly to decrease the amount of toxin pro- 
duced, by a direct effect on the diphthena baciUi themselves 

V PATHOLOGICAL FINDINGS 

Autops> data have been examined in 13 of the 21 patients who died 
In 8 of these there was dilatation of the heart which was usually de- 
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scribed as marked There was microscopic evidence of myocarditis in 
9, this was often very extensive and involving all chambers of the 
heart, at other times of mild degree In this respect the predommant 
changes varied from ceUular infiltration to necrosis of myocardial fibers 
and finally to extensive areas of fibrosis In 2 cases no lesions of myo- 
carditis could be found, though on chnical grounds they were thought 
to have definite evidence of myocardial damage In one of these pa- 
tients — to be described later — there were advanced electrocardiographic 
abnormahties to support this opmion, and yet at autopsy the only 
microscopic changes noted m the myocardium were widespread pe- 
techial hemorrhages One wonders whether it may not be true that 
in such cases the duration of the presumed myocarditis was too short 
to lead to changes which were visible microscopically It is possible 
likewise that the petechiae may have played a role in production of the 
cardiac abnormahties Lobular pneumonia was found in 4 cases, puru- 
lent bronchitis in 3 and some degree of atelectasis in 2 The local 
membranous lesion was observed in 7 instances and in the rest it had 
apparently disappeared and the local ulcerations healed None of the 
patients showed a true “diphtheritic nephritis” The adrenals were 
involved m 7 cases, and in 5 of these the lesions were quite marked 
These changes consisted of necroses and “tubular degeneration” in the 
fascicular layer of the cortex as had been described previously by 
Rich (7) The lesions in these patients were likewise either found or 
verified by Dr Rich They may be significant in helping to explain 
the occurrence of circulatory collapse and death 


VI CASE REPORTS 

The following two cases are summarized in order to emphasize some 
of the points that have been discussed 

Case 1 {E-W m the table) This patient was a white girl of 17 who was 
admitted to Sydenham Hospital on March 19th, 1947 She had never received 
diphtheria toxoid About one month before admission she developed an upper 
respiratory mfection which cleared up except for a cough which had persisted 
Three days before admission she awoke with a sore throat, malaise, and anorexia 
She was seen by her doctor who prescribed two pills every three hours She 
vomited several times that day Two days before admission she felt worse, had 
fever and severe sore throat Her doctor returned and painted the throat with 



CLINICAL MANIFESTATIONS OF SEVERE DIPHTHERIA 


319 


some white liquid That night the neck was noted to be swelling On the next 
da\ the condition was much worse, she had great difficulty in swallowing and had 
a very painful neck The diagnosis of diphtheria was then made, she was gi\cn 
40,000 units of antitoxm and referred to The Sydenham Hospital On admission 
the temperature was 101 2°, pulse 114, respirations 28, and blood pressure 120/84 
She was acutely ill, had a bull-neck tjqie of cer\ncal swelling and was hoarse, but 
there was no marked respiratory distress and no cyanosis The pharynx was 
extremely edematous, the tonsils being greatly swollen and covered by a grayish- 
white membrane which extended back over the posterior pharyngeal wall and up 
o\tr the uwla There was marked edema of the tissues of the neck with tender- 
ness to palpation The lungs were clear and tlie heart was normal in rhythm and 
in the character of the sounds The urine showed a trace of albumm which two 
davs later was 2 plus and on the 8th hospital day 4 plus The white blood count 
on admission was 13,000 and on the 10th day had risen to 25,000 The throat 
culture was positive for virulent C diphtheriae and for beta-hemol> tic streptococci 
An N P N on the day before death w'as 60 milligrams per cent 

Ihe patient was put in a steam tent and given 60,000 units of diphtheria anti- 
toxin intravenously and 40,000 units mtramuscularly Penicillin was given in an 
initial dose of 60,000 units and then 30,000 units every 3 hours She was ex- 
tremely sick the first 4 or 5 days, but then seemed to be improving The edema 
of the neck cleared gradually and at the tune of death was entirely gone The 
membrane m the throat also gradually disappeared The blood pressure and heart 
sounds were normal during the first 4 or 5 days On the 4th day she developed 
pharyngeal paralysis, and because of this, fluids were gnen intravenously and very 
carefull> , frequent observations of the venous pressure on these days showed a 
moderate elevation before fluids were given and a considerable rise immediately 
aftenvard On the 6th da> she had bigeminal cardiac rhythm and the liver was 
dow n three finger-breadths below the costal margin Digitalization was begun at 
that time, usmg the calculated dose of digalen intramuscularly ov'er a period of 
36 hours During the first few days the electrocardiogram had shown only minor 
changes suggestmg myocarditis, but on the 7th day there was evidence of very 
marked damage with inverted T-waves, bigemmal rhythm, and bundle branch 
block On the 8th day she had improv'ed, could swallow without regurgitation, 
and the heart sounds were better, though the first sound was definitely soft m 
character The liver was no longer enlarged and the venous pressure normal 
On the 9th day the blood pressure fell to 95/75, the patient had developed a striking 
pallor, and the electrocardiogram still showed marked myocardial damage On 
the 11th dav the blood pressure was 76/64, she looked very weak and listless, and 
the first heart sound was extremely weak and the circulation time prolonged On 
the 12th day — the dav of death — the temperature rose to 101° and she complained 
of joint pains On that afternoon the blood pressure became unobtamable and the 
apical rate was counted at 200 An electrocardiogram at this time show ed v entne- 
uhr tachycardia She was given quinidine intravenously, also plasma and was 
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put mto an oxygen tent The respirations became more and more difficult and she 
died one hour later 

At autopsy it was found that all the chambers of the heart were greatly dilated 
and the heart muscle appeared slightly paler than normal It was of interest to 
find that all local traces of diptheria had cleared up, and this was noted both grossly 
and microscopically Histologically there was found to be an extreme degree of 
myocarditis and widespread necroses of myocardial fibers, these changes were pres- 
ent m all chambers of the heart Old necroses were found in the renal tubular 
epithelium which were interpreted as possibly bemg due to sulfonamide therapy, 
(this may have been admmistered before her admission but only in small doses 
and for a short time) One adrenal was atrophic, due to the presence of an angioma 
which was thought to have interfered with the circulation In the other, there 
were necroses in the fascicular layer of the cortex The anatomical diagnosis was 
Diffuse myocardial necrosis and myocarditis Necroses of renal tubular epi- 
thelium Slight pulmonary edema Angioma of right adrenal with atrophy, and 
necroses m the cortex of the other adrenal 


In summary this was a patient whose acute illness began rather 
gradually without seeming very senous until the third day During 
this time the correct diagnosis was not suspected, though a bull-neck 
swelling had begun by the second day Following admission her con- 
dition rapidly became worse, myocarditis developed with evidence of 
myocardial failure She then seemed to respond to therapy and for a 
while her condition was improved This was only temporary, however, 
for in spite of the fact that she had received antitoxin at the end of the 
thi rd day of her illness, there was evidence of progression of the myo- 
cardial damage until the time of her death 11 days after admission 
The chnical features could be explained by the extensive and fully de- 
veloped changes of myocarditis, as well as the adrenal cortical damage, 
which may have played an important role in the final circulatory 
failure 


Case 2 (J G ^6) This patient was a 35 year old white man who was ad- 
mitted to The Johns Hopkms Hospital on March 2Sth, 1946, and died two days 
later About one week before admission he had a mild earache which cleared up 
after local application of some drops Two days before admission he developed 
a sore throat which rapidly became worse A liquid medicine was given for this 
without relief and then penicillin lozenges were prescribed The night More ad- 
mission the sore throat was much worse and the neck became swollen This swell- 
mu was much more marked the next mommg and there was difficulty in breathing 
He was brought to the hospital in an ambulance On admission his tempera ure 
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v,as 103 4“, pulse 108, respirations 18, and blood pressure 90/65 He appeared 
acutely and seriously ill , there n as a bull-neck swelling from the jaw s to the clae iclcs, 
and rcspiratoiy- difficulty esas quite marked, but there was no cyanosis There 
was a thin yellowish, bloodstained discharge from the nares The phaiymx itself 
could not be seen because of enormously swollen, edematous tonsils and peri- 
tonsillar tissues, the surface of which had a clear, shiny appearance The airway 
was almost completely obstructed by these swollen tissues and no exudate was seen 
The patient was expectorating bloody, thin, purulent matcnal The whole neck 
was greatly swollen and was red, indurated and tender The lungs were clear ex- 
cept for distant breath sounds The heart was regular and the sounds were con- 
sidered normal Inasmuch as no exudate and no membranous lesion was seen, 
tlic condition was thought to be a streptococcal infection and he was started on 
penicillin, 80,000 units every 3 hours, hot salme throat irrigations, and steam m- 
lialations The urine on admission showed a one plus reaction for albumin and 
many white blood cells and cellular casts On the second day the albumm was 
3 plus and there were many cellular casts The white blood count was 17,400 on 
the first day The first throat culture was considered negative for diphtheria 
bacilli and for beta-hemolytic streptococci, but another one taken the same day 
was reported positive for C diphtheriac This stram was found to be virulent 
Because of the cctaucal cellulitis it was hoped that tracheotomy could be avoided, 
but 6 hours after admission the airway seemed to be nearly obstructed and an 
emergency tracheotomy was performed This resulted m a temporary improve- 
ment, though the sw elling of the neck seemed to be increasing The pulse w'as 
then 1 20-130 and the respirations 30-35 At that time he w as seen by the medical 
resident. Dr Newman, who suspected diphtheria, 80,000 units of antitoxin were 
gi\cn intramuscularly and intravenous fluids were administered The blood pres- 
sure had dropped from the previously low level to 66/30 An electrocardiogram 
taken tliat night show cd marked depression of the S-T segments in leads I and 
II with cle\ation in leads III and IV, QRS was splintered in lead IV and T4 wras 
notched These changes were interpreted as showing widespread myocardial 
damage which could be due to diphtheria Intravenous fluids were gi\cn slowly 
and he was also gi\en 50% glucose and 300 mgms of ascorbic acid intravenously 
During the next day the patient became steadily worse, the temperature remaining 
at about 104°, and the pulse dropping to80 At this time complete heart block was 
•suspected and \crified elcctrocardiographically During the second night the 
pulse and blood pressure could not be obtained, the respirations fell to 10 per 
minute, and the heart rate to 68 The respirations continued todeclme, cjanosis 
incrca'^ed, and in spite of oxjgen and coramme, respirations and heart stopped, 
death taking place just 36 hours after admission and three and one-half da\s after 
the onset of the acute illness 

The autops\ showed little on gross examination except dilatation of the heart, 
•mme small areas of consolidation in the lungs, and edema of the tissues of the necl 
On microscopic examination, patches of diphtheritic membrane were found on the 
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trachea, there were hemorrhages and edema m the tissues of the neck, and wide- 
spread petechial hemorrhages m many organs The myocardium was not con- 
sidered abnormal on section except for widespread petechiae, but the adrenals 
showed very extensive changes, there was a broad band of necrosis in the fascicular 
layer that extended throughout the cortex Dr Rich felt that it was very likely 
that the adrenal lesions were related to the circulatory collapse which had been a 
prominent feature of the patient's illness 

The anatomical diagnosis was Diphtheria of tonsils, trachea and pharynx 
Edema and hemorrhages in the soft tissues of the neck Hemorrhages in cervical 
and hilar lymph nodes Petechial hemorrhages in skm, conjunctivae, pleura, 
mediastinum, epicardium, myocardium and stomach Necrosis of the fascicular 
layer of both adrenals Foci of lobular pneumonia 

In summary this patient had a fulminating and “malignant” form of 
diphtheria, characterized by a markedly edematous swelling of the 
tonsils, pharynx and neck, respiratory obstruction requiring trache- 
otomy, a delayed diagnosis due to the absence of visible membrane, 
and rapid progression to a fatal termination in spite of antitoxin 
There was clinical evidence of myocardial damage which, except for the 
petechiae, was not apparent on microscopic section, possibly because 
of its short duration There were extensive lesions in the adrenals 
which may have played a role in the fatal outcome 

VII DISCUSSION 

As was brought out earlier, diphtheria has shown a marked increase 
in prevalence m the past few years This rise lasted for about 3 years 
m Baltimore and the vicinity, reaching its peak in 1946, during the 
past year there has been a definite decline again It is probable that 
the incidence will decrease for a few years, then rise again as new out 
breaks occur 

In view of the widespread nature of the lesions associated with this 
infection, it is not hard to understand the frequency with which the 
diagnosis of the primary condition is overlooked However, if the 
possibility of diphtheria is kept m mind always in cases of acute re- 
spiratory infections, and if the local lesions are observed and cultured 
carefully, most cases will be recogmzed at an early stage The great 
importance of immediate therapy with antitoxin is brought out m a 
striking manner by a consideration of the histones of the patients 
whose cases we have summarized, as well as by those of many more 



CLINICAL MANIFESTATIONS OF SEVERE DIPHTHERIA 


323 


which have come under observation The development of a severe 
form of the disease, with evidence of extensive myocardial damage and 
often death, seems more closely related to delay in diagnosis and treat- 
ment than to any other factor, though the difierence m strains and in 
susceptibihty of the host must of course play an important role If 
the toxin is not neutrahzed in the early stages of the infection it is evi- 
dently taken up by certain cells, and following this, damage to the cells 
may progress in spite of the fact that antibodies are present in the blood 
stream 

The data here presented also illustrate the fact that the climcal mani- 
festations of the severe form of diphthena may be extremely vaned 
The majonty of these chnical findmgs may be correlated with and ex- 
plained on the basis of damage by the toxin to such organs as the heart, 
the nervous system, or the adrenals In addition, there may be senous 
respiratory comphcations resulting from the local membranous lesions 
The cervical edema producing the bull-neck swelhng has not been 
found to be due to bactenal invasion, and at autopsy no evidence of 
localized infection has been found m the involved tissues It would 
seem that this reaction is most likely caused by local spread of the 
toxm 

It IS our hope that this report may stimulate further mquiry into 
such problems as the adequacy of present immumzation procedures 
Studies are needed to determme the amount of antitoxin necessary to 
guarantee an excess in the blood as long as there is circulatmg toxm 
Another interestmg problem concerns the mechanism of the toxin's 
intracellular action The fact that damage to susceptible cells de- 
velops so slowly to the point of chnical recognition — and even more 
slowly to obvious pathologic changes — suggests that the metabolism of 
the cells is altered by the diphthena toxm m a very subtle but pro- 
gressive manner These alterations in the metabohc processes at first 
do not interfere with the cells’ normal function to a detectable degree, 
but when fully developed and sufficiently widespread throughout the 
involved organ, functional deficiencies become apparent 

The chief purpose of this report is an eSort to make the medical pro- 
fession more alert toward the common occurrence of diphtheria m any 
commumty, and in aU age groups, whether there is a history of previous 
immunization or not Mild cases of the infection are often overlooked 
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and may get well without specific therapy On the other hand, in 
patients who have a more severe type of the disease, any delay in treat- 
ment may result m a prolonged and complicated illness or in death 
In those with the fulminating or malignant form of diphtheria the early 
admimstration of antitoxin is an emergency measure, otherwise such 
cases progress rapidly to a fatal termination 

Vm SUMMARY 

(1) The incidence of diphthena has shown a decided rise in the past 
few years, and the severe form has been quite common (2) The pres- 
ent report deals with the clinical and laboratory features observed in 
30 such patients, the object bemg to illustrate the chief manifestations 
of the severe or malignant type of the infection (3) There was clinical 
evidence of a high incidence of myocardial mvolvement, this was usu- 
ally, but not always, verified m the cases in which autopsies were done 
(4) Twelve of the 30 patients had a previous history of immunization 
against diphtheria Similar experiences have been reported in other 
outbreaks (5) The inaccuracy of the virulence test as routinely em- 
ployed IS indicated by the fact that 6 of the 30 strains of diphtheria 
bacilh isolated were reported as avirulent (6) The average duration 
of the acute infection from its onset to the time antitoxin was given 
was 4 7 days This delay in therapy was probably the most important 
cause of serious complications or death (7) Stress is laid on the ur- 
gent necessity of suspecting the possibility of diphtheria in all ques- 
tionable cases, so that the diagnosis may be made early and specific 
treatment admmistered promptly 
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INTRODUCTION 

It IS generally accepted that patients with diabetes melhtus are 
more prone to infection than are non-diabetics, but the reason for it is 
unknown Possible factors involved have been discussed by Rich (1) 
under the two following headings metabohc alterations m the tissue 
fluids and the state of the mechanisms of resistance As he points 
outj previous studies have been made upon human diabetics and totally 
pancreatectomised animals, m both of which it is difficult to achieve 
controlled investigation Alloxan diabetes offered an opportunity 
to study the problem in animals with presumably normal exocrine 
pancreatic function and under controlled conditions 

The two mam mechanisms of resistance to infection are the formation 
of antibody and the phagocytic activity of the leucocytes In this 
study the first of these mechanisms, as estimated by the precipitin 
reaction, was mvestigated in alloxan diabetic rabbits 

EXPERIMENTAL PROCEDURE 

Young adult male albino rabbits were made diabetic by the intra- 
venous administration of alloxan (Eastman Kodak) m 4 percent 
solution in saline Smgle doses between 100 mgm per kgm and 200 
mgm per kgm were used No msuhn or glucose was admmistered 
at any time Only those rabbits which mamtamed a blood sugar of 
about 300 mgm percent (method of Folm and Mahnros (2)), or over, 
with glycosuria were studied At the time of testing for antibody 
formation the diabetes had been present for at least four months 

* Commonwealth Fund Fellow 
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All the animals were fed the same diet — ^an unlimited amount of 
Purma Laboratory Chow and water 
Punfied crystalline egg albumen, prepared from fresh hens’ eggs by 
the method of Cole (3), was used as the antigen The rabbits were 
immunized by four intravenous mjections of a 1 percent solution of the 
crystaUme egg albumen at 3 day intervals, 1 c c at the first injection, 
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2 c c at the second, 4 c c at the third, and 6 c c at the fourth Ten 
days after the last injection precipitm tests were done on the serum, 
usmg the antiserum dilution method (4) The optimum concentration 
of antigen for the test was first determmed by titratmg decreasmg con- 
centrations of antigen against undiluted antiserum The highest 
dilution of antigen which gave a definite precipitate was chosen for the 
test This was found to be jgg of the ongmal 1 percent solution 
Smce several of our rabbits had lost weight and weie weak, serum 
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protein determinations were made on aU rabbits before immunization 
and at the time of the precipitin test Total proteins were determined 
by the macro-Kjeldahl method (5), and serum albumen and globulm 
were separated by the method of Kingsley ( 6 ) 

The diabetic animals were divided into two groups of three The 
first group was compared with six normal controls (first part of Table 
I), the second group with three normal controls (second part of 
Table I) 


RESULTS 

Table I summarises the results of this experiment In the case of 
the diabetic animals the blood sugar figures quoted are the average of 
five or SIX blood sugar estimations earned out durmg the period of the 
expenment Only one serum protein estimation is quoted for each 
ammal, for no significant difierences were noted between the pre- 
limmary results and those obtamed at the time of the precipitin test, 
the diabetic animals and the normals gave sunilar values on each 
occasion 

It will be seen that there is no difference m precipitin titre between 
the sera of the normal and those of the diabetic animals 

DISCUSSION 

Alloxan diabetes in the rabbit is probably not comparable m every 
respect with human diabetes melhtus, for one thing the rabbit’s 
metabolism is different from that of man, and this may be reflected 
m the fact that none of our animals ever became acidotic At any 
rate, our rabbits presented contmuous hyperglycaemia, glycosuria, 
polyphagia, polydipsia and polyuria All of these findmgs are char- 
acteristic of human diabetes melhtus 

Depletion of serum proteins in the rabbit is known to cause a 
lessened capacity to produce agglutinm when compared with rabbits of 
similar age (7) In our animals, however, there was no detectable fall 
in serum proteins, although such a fall was considered quite possible, 
since several of the rabbits lost weight after they became diabetic 

It was felt that the precipitm test which we used was a sensitive 
enough mdex of antibody formation, smee the finer differences which 
might be revealed by more elaborate methods and by hyperimmuiuza- 
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tion would hardly have any practical bearing on the role played by 
antibody m the increased susceptibihty of the diabetic to infections 
The use of purified crystalline egg albumen obviated the possibility of 
any cross reactions which might have been encountered had a sub- 
stance of more complex antigenic structure been employed 
From our results, therefore, it appears that in the rabbit the alloxan 
diabetic state by itself does not inhibit the production of antibody to 
crystalhne egg albumen 


SUMMARY 

In the absence of any depletion m serum protems no difference m 
precipitm titre was found when normal and uncontrolled aUoxan 
diabetic rabbits were immunized with purified crystallme egg albumen 
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Interest in recently introduced compounds which have been shown to 
counteract certain effects of histamine has found expression in a rapidly 
swelhng hterature on this subject It has become increasingly difficult 
to analyze and compare the vanous reports on these compounds, which 
are being offered to the medical profession m steadily mcreasmg 
number Obviously many disagreements m the results of apimal ex- 
periments are due to variations m the techmc Method, dosage, or 
time of exposure to the drug, these differ from author to author The 
small number of animals used by some investigators, the lack of details 
supphed by others these impair the value of other reports The 
evaluation of results in patients is colored by the inevitable personal 
factor, because the allergic conditions for which these drugs are ad- 
ministered do not lend themselves to a gauge with which the degree of 
improvement can be reliably measured 

We attempted to compare a number of the antihistamme substances 
with uniform methods in a considerable number of animal experi- 
ments In order to obtain an unbiased picture of their chmcal value, 
the use of each drug was assigned to several members of our clinic 
group 

The solutions used for the animal experiments were made m our 
laboratory from the powdered drugs which we obtained through the 
courtesy of the various pharmaceutical houses The French compound 
3277RP was supphed through the kindness of Prof Pasteur Vallery- 
Radot (Pans) For clinical use the drugs were available m capsules or 
tablets, furmshed in generous amounts by the cooperating firms 

1 This investigation has been aided by grants from G D Searle and Company, 
Eh Lilly and Company and the Houston Endowment, Incorporated 

2 From the Protein Clmic of the Department of Medicme, The Johns Hopkins 

Hospital 
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No data relative to the stability of these substances and their solu- 
tions have been pubhshed so far Recently, however, one manufactur- 
ing company gave the information that the antihistaimne drug they 
offer for chmcal tnal discolors with exposure to sunlight and interacts 
with rubber In preliminary tests with the drugs, we found that the 
potency of higher dilutions of several drugs decreased considerably, 
even when these dilutions were kept in the refrigerator In one 
instance, we found that 3277RP had oxidized en route from France 
Detailed studies relative to the stability of the various antihistamine 
substances are urgently needed 

Vanous methods of testing these drugs in animals are available, and 
have been used We believed that observation of their action on the 
intestinal strip of guinea-pigs and of their protective effects in guinea- 
pigs m VIVO would give us a sufficiently representative picture of their 
comparative potency 

The compounds which we have used m the anunal experiments are 
Antistme (Ciba), Benadryl (Parke, Davis & Co ), 1721 (Searle & Co ), 
3277 (^one Poulenc), Histadyl (Eh Lilly & Co), Chlorothen 
(Lederle), Bromothen (Lederle), Pynbenzamme (Ciba), Neo-Antergan 
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we used all these drugs except 3277, and, m addition, we usedHydryliin 
(Searle), a mixture of aminophyUin and diphenhydramine base, and 
1913 (Searle), a mixture of aminophyllm and 1721 (Searle) In pre- 
liminary screemng tests, we had also used two other Searle preparations, 
1694, a xanthm salt of Benadryl, and 1695, a xanthin salt of the 
French compound 3015 


DALE EXPERIMENTS 

(a) Method The bath contammg the suspended mtestmal stnp, 
along with a 3-hter flask containing Tyrode solution, was kept im- 
mersed m a 5-gallon battery jar The water m this jar was agitated by 
a stirnng motor, and its temperature was kept constant by an electric 
thermostat Oxygen 95% with CO 2 5% bubbled through the bath by 
means of a gas disperser sealed m the bottom of the bath cyhnder 
Drainage was conducted through another opening underneath ^ Most 
workers employ a bath temperature of 37 5° or 38° Centngrade Our 
observations seemed to indicate that a temperature of 36° Centigrade 
gave better working conditions Frommel and co-workers (1) found a 
temperature of even 34° Centigrade optimal 
The Tyrode solution was prepared according to Bum (2), with the 
exception that solution B contained 0 25% NaHCOa We had had 
difficulties m maintaining the pH when we used Burn’s ongmal 
formula, and found this modification used by Halpern (3) more 
satisfactory 

In all our experiments, contraction of the strip was achieved by 
adding 10 gamma of histaimne* to 100 cc of the bath (0 1 gamma per 
cc ) In guinea-pigs of adequate sensitivity a maximal contraction is 
obtainable with this dose When submaximal contractions resulted, 
the strip was discarded We found, as other authors had found, that 
not only do guts of different guinea-pigs vary considerably in sensi- 
tivity but also segments of the same ileum vary 
Twenty years ago Kendall and collaborators published extensive 

® We are indebted to Dr A H Corwin (Chemistry Department, Johns Hopkins 
University) and to Dr J E Cushing (Biology Department, Johns HopLms Uni- 
versity) for mvaluable help and advice m setting up the apparatus 

* All doses of histamme are expressed as base Histamme acid phosphate 
(Lilly or Burroughs Wellcome) was used 
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studies on intestinal stnps of guinea-pigs Kendall and Varney (4) 
stated that their results “never became mathematical in their pre- 
cision” They predicted that perfection would never be achieved 
until some of the idiosyncrasies of smooth muscle are better understood 
This statement is equally true today, and should be kept m mmd On 
the basis of more than 600 Dale experiments, we learned to be ex- 
tremely cautious in our evaluation of the tests Recently, Chen and 
co-workers (5) have rightly stressed the erratic behavior of the gut in 
many instances 

In 1939 Anne-Marie Staub (6) pointed out that the effective concen- 
tration of the antihistamme 929F varied from one gut to another She 
further observed that after suppression of the histamine reaction with 
929F, washing out of the gut did not completely restore its activity 
Even when the muscle contraction maintained the same intensity, such 
contraction could be more easily suppressed than before According 
to Staub, subsequent tests are therefore not of equal value with the 
first test 

For several weeks, we worked with Staub’s technic, i e , tnJnbihon 
of histamine contraction by precedmg addition of the antihistamine to 
the bath, and experienced the foIloiRung difficulties 

1 At times the histamine contraction achieved after repeated wash- 
ing of the stnp following the test would be higher than the contraction 
preceding the test From which contraction should the percentage of 
inhibition be calculated? 

2 With the more potent drugs, particularly Neo-Antergan, 
Chlorothen, and the slow-acting 3277, the gut failed mdefimtely to 
regain its previous sensitivity to histamine Therefore, we could not 
ascertain whether the gut had the same sensitivity during this test as 
that shown in the preceding histamine contraction 

3 In many instances we observed a two-phasic effect When 
histamine was given after the antihistamine, there resulted a contrac- 
tion to a certam height followed immediately by relaxation to a certain 
point In such cases how should the degree of inhibition be calculated? 

Because of these uncertainties we adopted Halpern’s (3) technic, 
which estimates the degree of relaxation caused by the addition of the 
antihistainimc drug to the bath, after the histamme contraction has 
taken place Usmg this method, we arrived at the same conclusion as 
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Schild (7) It IS preferable to use a new piece of gut for each, test 
Washing the gut until the original height of histamine contraction is 
restored may involve as much time as suspending a new strip If 
Staub’s (6) observation is valid, even the same response to bistamme 
as before does not guarantee the same sensitivity to the antihistanumc 
substance 

Therefore, the procedure finally chosen was as follows after sus- 
pension of the strip, 0 1 gamma/cc histamine base was added to the 
Tyrode solution If a maximal contraction was obtained, the strip 

TABLE 1 


Action of various anhlitslaimne drugs on the histamine contraction (0 1 gamnia/cc) of the 

intestinal strips of guinea-pigs 

Exposure to histamine and to drug each one minute 


DHUG 

0 01 

gamma/cc 

1 

0 02 1 
GAXmA/CC 

0 03 j 

gamma/cc 

0 1 

G\MUA/CC 

02 

gamma/cc 

Antistine 

12 

25 

52 

88 

97 

Benadryl 

38 

71 

83 

96 


1721 

32 

56 

81 

90 


3277RP 

30 

55 

73 

84 


Histadyl 

93 

97 




Bromothen 1 

85 

92 




Chlorothen 

98 





Pynbenzamine 

81 

95 




Neo Antergan 

73 

97 





Note Numbers indicate percentage of relaxation 


was washed and a second histamine contraction elicited One minute 
later the antihistamine compound was added to the bath (Histamine, 
as well as its antagonist, was always contained m the same volume of 
distilled water, one cc ) After conclusion of the test, the strip was 
discarded and a new piece of gut suspended 

(b) Results Table 1 shows the percentage of relaxation (from the 
histamine contraction) accomplished by varying amounts of each drug 
when the drum was stopped one minute after the drug had been added 
No test was accepted for calculation of the percentage when the slight- 
est doubt existed as to the normal sensitivity of the gut Each number 
m the first column (0 01 gamma/cc) represents the average of eight to 
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twelve determinations, each number m the other columns represents 
the average of four to seven determinations 
Antistme proved to be of lowest potency Benadryl, 1721, and 3277 
had about equal moderate effectiveness, Benadryl’s being slightly 
higher than the other two Histadyl, Bromothen, Chlorothen, 
Pyribenzamine, and Neo-Antergan can be grouped together, for 0 01 



Fig 1 Dale test, intestinal strip of guinea pig Exposure to histamine one 
minute, to antihistamine substance one minute 


H =01 gamma/cc histamine base 
A1 = 0 01 gamma/cc Antistme 
A2 = 0 02 gamma/cc Antistme 
A3 = 0 05 gamma/cc Antistme 
A4 = 0 1 gamma/cc Antistme 


Pbz 1 = 0 01 gamma/cc Pyribenzamine 
Pbz 2 = 0 02 gamma/cc Pyribenzamine 
B1 = 0 01 gamma/cc Benadryl 
B2 = 0 02 gamma/cc Benadryl 
B3 = 0 05 gamma/cc Benadryl 


B4 = 0 1 gamma/cc Benadryl 


to 0 02 gamma/cc of these compounds caused almost complete relax- 
ation of the contracted muscle within one minute (Table 1, fig 
1 and 2) 

Table 2 shows that the differences in the most potent group are in- 
significant When we determined the time required to reach base line 
after addition of the antagonist, we found that the activity of the drugs 
in this group was very similar 

On closer analysis, the apparent superiority of Benadryl over 327/ 
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Fig 2 Dale test, intestinal strip of guinea pig Exposure to histamine one 
minute, to antihistamine substance one minute 

H =01 gamma/cc histamine base HI =001 gamma/cc Histadyl 
Cl =0 01 gamma/cc Chlorothen Pbz =0 01 gamma/cc Pynbenzamme 


TABLE 2 


Tune required for 100% relaxalton of the intestinal strip contracted with 0 1 gamma/cc 

histamine for 5 minutes 


DRUG (0 01 CAilUA/CC) 

IIME 


seconds 

Hislad\ 1 

85 

Chlorothen 

105 

P\ nhcnzamine 

100 

Neo Antergan 

90 


disappeared The French preparation was found to have much slower 
action than the other compounds After adding 3277 to the bath, 
from 30 to 40 seconds was required for relaxation to begin in contrast 
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With 5 to 8 seconds required by the other substances Correspond- 
ingly, if the strip was exposed for 5 minutes to 3277, 0 01 gamma/cc 
achieved almost complete relaxation, whereas, the relaxation after a 5 
minute exposure to Benadryl (0 01 gamma/cc) averaged 65% In a 
five-minute exposure, the same dose of Antistine did not produce more 
than 42% relaxation (Fig 3a) 

r- 


-’ll n “II 

HA H B H B 

Fig 3a Dale test, intestinal strip of guinea pig Exposure to histamine one 
minute, to antihistamine substance five minutes 

Fig 3b Same Exposure to histamine five minutes, to antihistamine sub- 
stance five minutes 

H = 0 1 gamma/cc histamine base 
A = 0 01 gamma/cc Antistine 
B = 0 01 gamma/cc Benadryl 

When we allowed histamine to act on the gut for five minutes instead 
of one, the relaxation due to the following antagonist was not appreci- 
ably changed in any group This is illustrated m Fig 3b and Fig 4 
(c) Dtscussion Comparison of our results with results reported in 
the literature is difficult because of the lack of uniform procedure 
Some authors used histamine diphosphate, others used histamine 
dihydrochloride Certain writers express their histamine dose in 
terms of the salt, others express dosage in terms of histamine base, a 
few neglect to give this necessary information It is confusing to find 
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figures 'of '/‘histamine” concentration m the bath, tabulated without the 
author’s taking account of the fact that the figures of one investigator 
represent histamine dihydrochlonde but those of the second mvesti- 


A 



I V 



Fig 4 Dale test, intestinal strip of guinea pig Exposure to histamine five 
minutes, to antihistamine substance U\o minutes 

H =01 gamma histamine base 
Pb7 = 0 01 gamma Pvribenzamine 

gator represent histamine diphosphate (dihydrochlonde contains 60% 
histamine base, diphosphate contains 36% histamine base ) 

Table 3 is a compilation of quantitative data presented m sufficient 
detail to enable one to calculate the action of a single drug against 
histamine The figures of the authors, given m terms of histamine 
salt, have been changed to histamine base values Benadryl counter- 
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acted approximately an equal amount of histamine Neo-Antergan 
and Pynbenzamme were effective m counteracting 6 to 10 times as 
much histamine Histadyl was effective against 18 to 72 times as 
much histamine , however, this drug was allowed to act two minutes on 
the gut 

Data comparing the activity of several compounds are few and 
conflicting Taking the average from 12 to 16 experiments, Winter 
(11) determined the inhibition for each of five drugs He found this 
percentage to be Neo-Antergan 81, Pynbenzamme 68, 3277, 45, 
Benadryl 42, Hetramme 11 Graham (13) found the quantity of 
various compounds required to reduce by one-half the spasm produced by 

TABLE 3 


Results in the literature of ejectme counteraction of histamine contraction in the Dale hath 


AUTHOR 

METHOD USED 

HISTAMINE 

ANTIHISTAMINE DRUG 

TIME OF 



Rind 

gamma/cc 

CONTACT 

Loew et al (8) 

Inhibition 

gamma/u 

0 02 appr 

Benadryl 

0 02-0 04 

one min 

R Mayer (9) 

Inhibition 

0 036-0 36 

Pynbenzamme 

0 02-0 04 

one mm 

Bovet et al (10) 

Relaxation 

0 06 

Neo-Antergan 

0 01 

> 

Winter (11) 

Inhibition 

0 12 

Neo Antergan 

0 02 

one min 

Lee et al (12) 

Relaxation 

0 18 

Histadyl 

0 0025-0 01 

two min 


1 gamma/75 cc histamine to be Neo-Antergan 0 07, Benadryl 0 7, 
Antistine 5 3 In his experiments the drug was allowed to act on the 
gut for two minutes Lee and collaborators (12), who also exposed the 
gut for two minutes to the antagonist, found Histadyl (01013) on the 
average 4 9 times as active as Benadryl, but 0 8 as active as Pyn- 
benzamine 

Most of our results are similar to those determined by Winter (11) 
When 0 01 gamma/cc was used, Neo-Antergan was twice as effective 
as Benadryl We found 3277, if the effect m one minute is measured, 
m the same group as Benadryl But in our tests, Neo-Antergan was 
somewhat less potent than Pynbenzamme In marked contrast to 
Lee and collaborators (12), Histadyl in small doses and on short contact 

was more effective than Pynbenzamme 

(d) Conchmons In view of the present uncertainties and the in- 
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evitable inaccuracies m this kind of determination, we feel that not 
much weight should be given to small differences Conservatively, we 
can state these results Within one minute, Histadyl, Bromothen, 
Chlorothen, Pynbenzarmne, and Neo-Antergan completely counter- 
acted five times as much histamine Within one and a half to one and 
three-quarter minutes, these drugs counteracted ten times as much 
histamine Within one minute, Benadryl completely antagonized an 
equal amount of histamine but Antistine was fully effective against 
only one-half the amount of histamine The French preparation, 
3277, differed from the other compounds in its slow action In five 
minutes this drug was able completely to antagonize ten tunes as much 
histamine 

In the literature there are very few reliable data concerning the 
degree to which antihistammic drugs counteract the contraction pro- 
duced by the homologous antigen in a sensitized gumea-pig stnp 
Available data indicate that larger doses are required to be effective 
against antigen contractions than are required to be effective against 
histamine contractions (Staub (6), LaBarre et Reuse (14), R Meier 
(15) ) Our preliminary tests, to be extended and pubhshed later, 
confirm these observations Rose and collaborators (16) came to the 
opposite conclusion They used stops from guinea-pigs passively 
sensitized, and no statement was made concerning the number of their 
tests 

SUMMARY 

Our study of the action of 9 antihistamine substances in Dale tests 
revealed three groups of potency Antistine was weakest, Benadryl, 
1721 (Searle), 3277RP were moderate, Histadyl, Chlorothen, 
Bromothen, P 3 T:ibenzanune and Neo-Antergan were highly potent 

These values are based on one-mmute contact of the smooth muscle 
with the drug In prolonged contact 3277 equaled the effectiveness of 
the drugs in the most potent group 
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COMPARATIVE STUDY OF ANTIHISTAMINE SUBSTANCES^ 

n Activity m vivo against Histamine Intoxication 
AND Anaphylactic Shock of Guinea Pigs 

S WALTER LANDAU, HENRY J L MARRIOTT, and LESLIE N. GAY* 

A HISTAMINE INTOXICATION 

The antagonizing effect of the antihistamine substances against the 
bronchoconstnctor action of histamine in the intact guinea pig has 
been examined through various procedures Staub (1), a pioneer in 
the field, injected a fixed dose of the antihistamine compound prior to 
the intravenous administration of histamine, and observed the number 
of lethal doses of histamine that the animals would tolerate Sub- 
sequently, a number of investigators employed Staub’ s technique 
Halpern (2, 3), using this method, compared a large senes of com- 
pounds, and with his latest preparation (3277) arnved at the figure of 
1500 lethal doses of histamine against which 20 mg of 3277 would 
protect 

The same author inaugurated the testing of the drugs against the 
effect of aerosoled histamine In a few experiments he gave the anti- 
histamine compound per os, in others he mixed it with histamine in the 
aerosol, in most experiments he administered the antihistamine sub- 
cutaneously at vanous intervals before the exposure to histamine 
aerosol This latter techmque has been adopted by many investi- 
gators Halpern (3) observed the time until the appearance of severe 
asthma, and considered those animals who had no symptoms after 10 
minutes of inhalation as protected Mayer (4) and Winter (5) also 
employed this techmque to test reduction of or freedom from symp- 
toms A significant reduction in the mortality rate was taken as the 
indicator by other authors (Loew and co-workers (12), Litchfield and 
co-workers (6), Meier and Bucher (7), Lee and co-workers (8)) 

The third method employed consists of determining the protection 

* This investigation has been aided b> grants from G D Searle and Companj, 
Ell Lillv and Compan> and the Houston Endowment, Incorporated 

- From the Protein Clinic of the Department of Medicme, The Johns HopLms 
Hospital 
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created by pnor administration of the antihistamine compound to 
resist one lethal dose of histamine injected into the bloodstream 
Winter (5), as well as Rose and collaborators (9), has studied the action 
of histamine antagonists in this manner Independently, we had 
chosen this technique before we started our comparative study We 
believe that death from the minimal lethal dose of histamine as the 
indicator eliminates any subjective factor from evaluation of the pro- 
tective effect, and that parenteral administration of drugs best guar- 
antees the introduction into the animal of the dosage selected for the 
experiment, an ad-important factor m quantitative studies 

(a) Method Our aim was to determine the smallest dose of the 
various compounds that would prevent death from one lethal dose of 
histamine in 100% of the animals This minimal lethal dose was again 
estabhshed as 0 5 mg/kg histamine base when injected intracardially 
(Landau and Gay (10)) The procedure was as follows In a first set 
of experiments 0 5 mg/kg histamine was injected into the heart, thirty 
minutes after the subcutaneous injection of an antihistamine com- 
pound In further senes of experiments, the dose of this compound 
was increased or decreased depending on the percentage of surviving 
animals With some drugs we could base our mitial dose on reports in 
the literature, with others we had to find our way slowly to the pro- 
tective dose 

Interested in the duration of the protective effect, we injected guinea 
pigs intracardially with one lethal dose of histamme two hours after 
the subcutaneous administration of that dose of the compound that had 
given 100% protection after half an hour Those drugs that gave sig- 
nificant protection after two hours were chosen for determination of 
their effect after five hours 

All the animals were observed for seventy of symptoms In each 
case of death, an autopsy was performed In a number of animals, the 
dissection showed considerable hemorrhage from the heart We 
believed that in these cases the violent convulsions effected by hista- 
mine had caused bleeding from the site of the heart puncture,* con- 
sequently, these deaths were due to a combmation of causes mtra- 
cardiac injection plus reaction to histamine Therefore, we excluded 

» Intracardial injection of salt solution produced no trouble in ten animals 
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from the senes those animals m which we found sucha major hemor- 
rhage We had followed the same practice m our work on arginine 
and histidine A survey showed that if these animals had been in- 
cluded, the total results would have lowered some of our figures of 
survival by 5% to 15%, but would not have influenced the order of 
potency of the different drugs 

(b) Results Table 1^ shows the degree of protection from varying 
doses of nine antihistamine compounds, injected one-half hour pnor to 
the lethal dose of histamine The minimal 100% protective doses are 
m mg/kg Antistine 1 5, Benadryl 0 6, drug 1721 (Searle) 0 4, drug 
3277RP 0 2, Broraothen 0 05, Chlorothen 0 05, Histadyl 0 05, Pyn- 
benzamine 0 04, Neo-Antergan 0 02 The percentage of animals that 
show less than three-plus symptoms runs almost parallel to the increas- 
ing percentage of survival When a multiple of the minimal dose that 
protected 100% of the animals was given, as m the case of Chlorothen 
and Bromothen, the animals remamed practically free from symptoms 

Table 2 indicates the duration of the protective effect After two 
hours no appreciable protection remained in the senes with Antistine, 
Benadiyl, and BQstadyl, from 60% to 100% protection remained in the 
series with 1721, Bromothen, Chlorothen, Pynbenzamine, 3277 and 
Neo-Antergan After five hours this remaimng activity had com- 
pletely subsided in the Chlorothen senes and had become insignificant 
in the Pynbenzamine and Neo-Antergan senes However, 73% of the 
ammals injected with 3277 survived one lethal dose of histamine in- 
jected five hours later 

(c) Discussion The order of potency against histamine in these in 
VIVO experiments parallels and confirms the results of our Dale tests in 
the following charactenstics Antistine requires the largest dose for 
protection, Histadyl, Chlorothen, Bromothen, Pynbenzamine and 
Neo-Antergan are effective in very small doses, Benadryl, 1721 and 
3277, when v,e consider the protection WTthin 30 minutes, occupy a 
middle place In this middle group, Benadryl is defimtely infenor to 
1721 and 3277 In contrast to the Dale results Neo-Antergan emerges 
as the most potent drug, its minimal 100% protective dose being half 

* The figures are tabulated as m inter’s (5) study to facUitate comparison 
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Protechon of gutnea ptgs mth anhhwtamtne compounds, given subcutaneously, against one 
lethal dose of htslamtne, given tntracardtally 30 minutes later i 


AKUHISTAMIHE COKPOTOD (SDB- 
CDTAKEOnSir) 

SEVEfilTV Of SyUFTOHS* 
AKnCALS 

(nuhbes or 

STOVIVAl 

% 

LESS TEAK 

3+ 

SVUPTOUS 

% 

Kind 

Dose 

0 

*4~ 

++ 

+++ 

Death 


mIH 








None (controls) 


0 

0 

0 

1 

9 

10 

0 

Antistine 

0 01 

0 

0 

0 

0 

10 

0 

0 

(62 animals) 

0 04 

0 

0 

0 

0 

8 

0 

0 


0 5 

1 

1 

1 

2 

5 

50 

30 


1 0 

0 

2 


2 

3 

70 

50 


li 

0 

1 


8 

0 

100 

39 


2 0 

2 

5 

1 

2 

0 

100 

80 

Benadryl 

0 2 

0 

0 

2 


3 

75 

17 

(43 animals) 

0 4 

0 

1 

3 


2 

80 

50 


0 5 

0 

2 

3 


1 

90 

50 


0j6 

0 

3 

4 


0 

100 

64 

1721 (Scarlc) 

0 1 

1 

0 

0 

0 

8 

12 

12 

(45 animals) 

0 2 

0 


0 

1 

9 

25 

18 


0 3 

0 


1 

6 

2 

83 

1 33 


OJ 

1 


2 


0 

100 

42 

3277 RP 

0 1 

0 

1 1 

2 


2 

80 

30 

(22 animals) 

OJ 

6 

2 

2 1 


0 

100 

85 

Bromothen 

0 01 

1 

0 

0 


6 

40 

10 

(73 ammals) 

0 02 

0 

2 

5 


2 

86 

50 

0 04 

0 

0 

6 


3 

81 

37 


0 05 

0 

4 

0 


0 


36 


0 06 

0 

3 

5 

4 

0 

100 

67 


0 2 

9 

1 

0 

0 

0 

100 

100 

. Chlorothen 

0 005 


0 

0 

1 

6 

14 

0 

(93 animals) 

0 01 

0 02 


0 

3 

3 

5 

12 

9 

1 

2 

93 

90 

45 


0 04 


5 

4 

6 

2 

89 

62 


0 05 


3 

2 

5 

0 

100 

50 


0 06 


3 

3 

6 

0 

100 

so 


0 2 

9 

1 

0 

0 

0 

100 

100 

Histadyl 
(41 animals) 

0 04 

0 05 

0 06 

0 1 

0 

0 

2 

4 

1 

1 

2 

4 

1 

5 

3 

1 

1 

4 

3 

2 

7 

0 

0 

0 

30 

100 

100 

100 

20 

60 

70 

90 
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TABLE 1 — Ccnhnued 


ANTmiSTAMIKE COUrOUND (SCB 
CCTANEODSLY) 

1 SEVEBJTY OP SYMPTOMS 

1 AVIMAI^) 

• (KintBER or 

SURVIVAL 

% 

irSS THAN 

3+ 

SWPTOMS 

Kind 

Dose 


+ 

1 ++ 

+++ 

Death 

% 

P\ nlicnzamine 


0 

0 

0 

5 

7 

42 

0 

(34 animak) 

0 03 

0 

0 

2 

8 

1 

91 

18 


0 04 

0 

1 

4 

6 

0 


4S 

Neo Antcrgan 

1 

0 005 i 

0 

0 

0 

5 

5 


0 

(32 animals) 

0 01 

0 

2 


6 

1 


36 


0 02 

3 

3 


2 1 

0 


85 

i 





i 





*0 = no symptoms, + = accelerated respiration, itching, ++ = cough, asthma, 
H — 1 — h = convulsions, weakness 


TABLE 2 


Duratton of protection with 100% effective dose of antihistamine compounds (subcutaneously) 
against one lethal dose of histamine (intracardially) 


ANTHUSTAMIKi: COMPOtlKD 

j ATTER 2 HOURS 

AFTER 5 HOURS 

Ntimber of 
Animals 

Survival % 

Less than 

c 

Symptoms 

Number of 
Animals 

Survival % 

AnUstine 

7 

14 

0 



Benadryl 

6 

16 

0 



1721(Searlc) 

10 

60 

0 



3277RP 

10 

100 

90 

11 

73 

Bromolhen 

19 

84 

36 



Chlorothen 

21 

81 

24 

5 

0 

Histad> 1 

7 

14 

14 



P>Tibenzaminc 

19 

84 

36 

7 

30 

Neo-Antergan 

19 

100 

47 

4 

25 


as much as that of Pynbenzamme and less than half as much as that of 
the other drugs m the same group 
Winter (5), using the same techmque with the exception that he gave 
histamine intravenously, tested six compounds, four of which are 
included in our study He, hkewise, found Neo-Antergan to be the 
most potent drug, followed by Pj-nbenzamine His 100% protective 
dose of Neo-Antergan was 0 01 mg/kg With this dose we had 91% 
survival, an insigmficant difference, particularly so in view of the fact 
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that the percentage of animals with less than three-plus symptomswas 
almost the same in his and our senes Our figures for Pynbenzamine 
are shghtly less favorable than Winter’s In this author’s studies, 
3277RP was definitely more effective than Benadryl, the dose for 100% 
survival, however, was not determined for these two drugs 
Figures for Histadyl have been published by Feinberg and Bernstein 
(11) They achieved 100% protection by intraperitoneal injection of 
0 1 mg/kg, but only 50% protection with 0 05 mg/kg Rose and co- 
workers (9) also injected the antihistamine substance intrapentoneally 
and administered the lethal dose of histamine as early as fifteen minutes 
after the protective agent It may be due to these differences in pro- 
cedure that in their studies as much as 0 1 mg/kg Neo-Antergan gave 
only 78% protection With Benadryl, Rose and co-workers (9) still 
had, surprisingly, a mortality of 29% with a dose of 3 mg/kg 
When we compare our results with those of authors who used aer- 
osoled histamme, we find that Sherrod and co-workers (12) m their 
studies determined the potency of Neo-Antergan to be four tunes and 
twenty times, respectively, higher than that of Pynbenzamme and of 
Benadryl These results refer to intraperitoneal injection of the anti- 
histamine substance and to its ability significantly to reduce the ina- 
dence of mortality Their conclusion might appear as too unfavorable 
towards Pynbenzamme, for with 0 3 mg/kg of this drug their reduction 
of mortality was 65% compared with 20% reduction with 1 5 mg/kg 
Benadryl and 30% reduction with 0 075 mg/kg Neo-Antergan 
The comparatively weak activity of 3277 in our studies, as well as in 
Winter’s, is surprising in view of the fact that Halpern found 3277 far 
superior to Neo-Antergan, when these drugs were used against multiple 
lethal doses of histamine 3277 protected, as mentioned, agamst 1500 
lethal doses, whereas Neo-Antergan protected agamst only 80 lethal 
doses Winter tested the effect of both drugs against massive doses of 
histamme, but found no impressive difference, however, the number of 
animals used was small Halpern’s figures have not been confirmed by 
other workers in France Lerman and Goldfeder (13) noted that the 
protection agamst aerosoled histamme seemed to be more complete 

with Neo-Antergan than with 3277 ^ ^ 

As to the duration of protection, our results confirm Halpern s 
statement, made on the basis of aerosol experiments, that 3277 dis- 
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tinguisbcs itself by its prolonged effect In our studies, tins drug was 
tlic only one tliat had lost very little of its action uithin five hours 
Litchfield and co-v.orkers (6) found the duration of protection against 
aerosolcd histamine shorter for Thenyl (Histad 5 d) than for Pyn- 
bcnzamine A corresponding difference between these two drugs was 
obvious in our senes These authors also found that with tlie same 
method, Chlorothen and Bromothen each gave protection for twuce as 
long as did Pyribenzamine We found that with these three drugs, the 
rate of survival was equal after tw'o hours and no sigmficant effect was 
present wuth either of the compounds after five hours 

B ANAPHYLAXIS 

(fl) Method In a large majonty of our anaphylaxis experiments, 
sheep serum was used as antigen A smgle sensitizing dose (0 5 cc ) 
was given intrapentoneally, the challenging dose (0 25 cc ) was given 
intracardially in most senes, in a few senes with Neo-Antergan the 
challenging dose was injected into the jugular vein (See table 3 ) 
With this technique 86% of the controls died from anaphylactic shock 
In some series we employed egg white as antigen, giving 2 cc of a 10% 
solution as sensitizing dose and 0 5 cc of a 2% solution as challenging 
dose, all these controls (12) died m anaphylactic shock In table 3 all 
figures without an asterisk denote sheep serum as the antigen Tw^enty- 
one days after sensitization, the challenging dose was injected into all 
ammals The antihistamine drug was administered, subcutaneously, 
thirty imnutes prior to the reinjection of the antigen In aU cases of 
death, autopsies were done and ammals wnth major hemorrhage from 
the heart were discarded, as in the histamine experiments 

(6) Results Antistine again proved to be the weakest agent in am- 
mal expenments With 10 mg/kg, only 64% of the guinea pigs were 
protected against anaphylactic shock In striking contrast to the 
histamine studies, the other drugs exhibited almost equal effectiveness, 
inasmuch as a dose of 3 or 4 mg prevented anaphylactic death in from 
90% to 100% of the animals Certain differences among the drugs 
appear m tlie figures, but on a minor scale (See discussion ) 

V number of anmials that had sumi ed anaphylactic shock, because 
of protection by an antihistamine substance, received a second shocking 
dose 36 hours later The results were as follows Of 11 ammals that 
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Antisme or 3277 had protected against one shocking dose, 3 died in 
anaphylactic shock and 6 had typical shock symptoms, i e , 82% of the 
animals could be successfully shocked Of 8 animals that Chlorothen 

TABLE 3 


Protection of guinea pigs mth antihistamine compounds against active anaphylaxis 


ANTIHISTAinNE COICOUND 


HUHBES OF 

KOKBEB or 


Kind 

Oo3e 

ANIUALS 

DEATHS 


None (Controls) 

m/ie 

12x 

12 

0 

None (Controls) 

1 

43 

37 

14 

Antis tine 

2 

4’= 

4 

0 


4 i 

S* 

5 

0 


10 

14 

5 

64 

Benadryl 

3 

10 

0 

100 

1721 (Searle) 

2 

10^ 

3 

70 


3 

11 

4+ 

64 

3277RP 

2 

9* 

3 

66 


3 

10 

2+ 

80 


4 

13 

1+ 

92 

Bromothen 

3 

9 

0 

100 

Chlorothen 

3 

10 

0 

100 

Histadyl 

2 

6* 

2 

I ^ 


3 

10 

1 

90 

Pyribenzamine 

2 

8^ 

8 

0 


3 

20 


65 


^ i 

9 

0 

100 

Neo-Antigen 

2 

6 

5 

1 16 


3 

19 » 

9 

52 


' 4 

10 « 

! 2 

80 


5 

9 « 

i 

1+ 

88 


X = egg white, as antigen 
+ = delayed death 

= in 12 animals, antigen injected intravenously 
= antigen injected intravenouslj 

or Histadyl had protected against two shocking doses, 4 died in ana- 
phylactic shock and 4 had typical shock symptoms In summation, 
thirty-six hours after survival from one or two shockmg doses, because 
of protection by one of the antihistamine compounds, 17 of the 19 
animals (89%) responded to another shocking dose, 7 anunals (36%) 

with fatal shock 
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(c) Discussion Most investigators have examined the compounds 
at their disposal only for their activity against histamine, therefore, 
very few figures derived through similar technique, and thus suitable 
for companson, are available m regard to their anti-anaphylactic 
effectiveness Again our results are m sharp disagreement with 
Halpern and co-workers (14) These authors, using 1 mg/kg Neo- 
Antergan (4 animals) and 0 25 mg 3277 (6 animals) reported 100% 
survival from active anaphylactic shock induced by sheep serum 
With 0 1 mg 3277, they obtained 80% survival in ten animals Arbes- 
man and co-workers (15), as well as Rose and coworkers (9), tested some 
compounds against passive anaphylaxis and achieved protection with 
somewhat smaller doses of Pynbenzamine and Neo-Antergan than we 
found necessary in our studies Mayer and co-workers (16), who used 
Pynbenzamme spray preceding the shocking dose, likewise found the 
protection greater and more consistent in animals passively sensitized 
than in those actively sensitized How difficult it is to obtain identical 
results with identical methods is seen by companng the figures of Rose 
and co-workers (9) who had 70% survival folloiving 2 mg/kg Pynben- 
zamme and 100% survival following 3 mg/kg of this drug, with those 
of Arbesman and co-workers (15), who (in a small senes) had 100% sur- 
vival following 2 mg/kg Pynbenzamine Therefore, too much impor- 
tance should not be attaclied to differences which might disappear by 
increasing the number of animals in a given series 
Lehman and Young (17), working with diethylammoethyl-diliydro- 
anthracen-carboxylate, observed that sensitized guinea pigs which this 
substance had protected against 50 times as much antigen as had killed 
9 of 10 controls did not show any symptoms when they received a sub- 
sequent injection of the same dose of antigen two days later They 
concluded that the animals had been desensitized by the first shocking 
dose, therefore, they presumed that the protective effect of their com- 
pound was due to its antihistaminic action Mayer (16) noticed that 
after protection with Pynbenzamine agamst anaphylaxis, the animals 
were stiU desensitized, and persisted in a state of antianaphylaxis eight 
days after the first antigen dose A “silent antibody reaction” seems 
to have taken place Such an explanation would be in accordance with 
observations on the sensitized intestinal stnp formerly made by Acker- 
man and Wasmuth (18) and by Landau and Gay (10), using arginme as 
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protective agent, and by Rosenthal and Brown (19), using 929F 
Ackerman and Wasmuth (18) suggested that the antigen-anbbody 
reaction takes its course unimpeded by argimne, but that the amount of 
histamine hberated by the antigen-antibody reaction is counteracted 
Our own antianaphylaxis studies failed to confirm these in vivo obser- 
vations, for 36 hours after survival from anaphylactic shock because of 
protection with vanous compounds, 17 of the 19 guinea pigs could be 
shocked Staub, Halpern, and Valleiy-Radot and co-workers (20) 
reported the same observations The last named authors repeated 
the shocking dose after 80 hours and obtained reactions, hence, they 
concluded that the injection of 3277 had inhibited not only the mani- 
festations of shock but also the reaction of the antigen with the anti- 
body Staub had obtained fatal shock within one, two, or seven days 
after the animals had survived the first shocking dose, because of pro- 
tection with 929F In view of the fact that Lehman and Young (17) 
obtained their widely different results by using very large doses of 
antigen, a quantitative factor might be involved 

CONCLUSIONS 

Our studies show that there is a wide difference in potency among 
these mne so-called antihistamine compounds when tested against one 
lethal dose of histamine injected mto the bloodstream The scale of 
effectiveness approximates the activity against the histamine-mduced 
contraction of the intestinal stnp of guinea pigs In striking contrast, 
aU. the substances except Antistme proved to be almost equally effective 
agamst anaphylaxis The dose required for protection agamst ana- 
phylactic death was considerably higher than that required for pro- 
tection against one lethal dose of histamine, naturally, this difference 
became the greater, the smaller the protective dose agamst histamine 
The need for higher protective dosage agamst anaphylaxis than against 
histamine has been stressed before by two of the present writers (10) 
and it has been reiterated by Lehman and Young (17) 

We believe that our comparative quantitative studies supply the 
evidence which Loew (21) felt to be lackmg to prove this pomt Loew 
(21) stated that this difference in the required dosage would not con- 
stitute evidence that factors other than histamine were involved to an 
important degree in anaphylaxis On the basis of our observations 
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With arginine and histidine, we ourselves suggested “that histamine 
liberated by the antigen-antibody reaction is in more intimate asso- 
ciation with the tissue,” consequently, more effective than histamine 
added from the outside 

Why IS the potency against histamine so widely different, but the 
dosage for antianaphylactic effect so very similar^ Could it be that 
these substances, although very effective against histamine, and this 
m very different degree, also have in higher dosage an antagomstic 
effect, and this in equal degree, against some other substance involved 
m anaphylaxis? 

There is general agreement that histamme is only one of a number of 
substances released as the result of an antigen-antibody reaction We 
know that hepann is set free, but not much is known concerning other 
substances which may be hberated 

Dreisbach (22) demonstrated that Pyribenzamine and Benadryl fail 
to inhibit the Arthus phenomenon in rabbits, an observation confirmed 
by Fischel (23) for Pyribenzamine Dreisbach presumed that the 
central and the penpheral sensory depressions of these agents are 
responsible for such antiallergic effects as have been observed The 
anesthetic effect of antihistamine substances has been (24) the object of 
much interest m the recent past (24) Code and co-workers found that 
this anesthetic effect was independent of the inhibitory action of the 
drugs on skin wheals Mayer and co-workers (16), using a 2% Procam 
spray, could not protect guinea pigs against histamine death, but a 2% 
Pynbenzamme spray had given this protection More elaborate stud- 
ies of this aspect of the question are needed 

The evidence m regard to the ability to shock guinea pigs for a second 
time after they have survived anaphylactic shock because of protection 
by an antihistamine substance is conflicting This question is impor- 
tant, because it may shed hght on the mechanism of protection If 
the compounds interfere with the antigen-antibody reaction, as is 
suggested by our observations and those of others, the whole concept 
of the action of these drugs deserves new examination 

SUMMARY 

1 The minimal dose that gave guinea pigs 100% protection against 
one lethal dose of histamme, administered intracardially, was deter- 



354 


S W LANDAU, H J L MARRIOTT AND 1 N GAY 


mined for nine antihistamine compounds, admimstered subcutaneously 
The effective dose varied from 0 02 mg/kg for Neo-Antergan to 1 5 
for Antistine 

2 Protection against anaphylactic shock reqmred much higher dos- 
age than protection against histamme intoxication The protective 
dose of the various compounds was almost equal, with the exception of 
Antistine 

3 Of 19 animals that had been protected against anaphylactic shock, 
17 could be shocked 36 hours later 
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Ill Clinical Observations 

LESLIE N GAY2, S WALTER LANDAU, PAUL E CARLINER, N S DAVIDSON 
FRANK F FURSTENBERG, NATHAN B HERMAN, WILLIAM H NELSON, ’ 
JOHN W PARSONS and WALTER W WINKENWERDER 

Therapy in allergic conditions has advanced immensely smce, four 
decades ago, Dale laid the cornerstone of the present efforts in “anti- 
histamine therapy ” In adrenalin, butanefnne, ephedrme, neosyn- 
ephnne, etc , we possess powerful drugs for symptomatic treatment 
For bronchial asthma, the introduction of aminophylhn, of oxygen- 
helium inhalations, and recently of massive doses of pemciUin (Gay and 
Marriot) (1) has supplied additional weapons Diagnosis by careful 
analysis of the history and by adequate skm tests wiU allow ehmmation 
of the responsible allergen from the environment, or desensitization 
treatment, or both, with excellent results in many cases 
Nevertheless, the need for further progress is still widely felt The 
sympathicomimetic substances mentioned have unpleasant side effects, 
and in severe cases they are effective only parenterally Discovery of 
the provoking agent or mechanism is not possible m every instance, 
and desensitization is not always feasible or successful Therefore, 
after the failure of histammase and histamine azoproteine, the intro- 
duction of compounds that counteracted histamine effects and ana- 
phylactic death in animals was greeted with high hopes 
The first reports (1942) on the initial French preparation, Antergan, 
were conflicting, but as a whole they were encouraging When the 
first American drug, Benadryl, became available, we used it in 101 
cases The results were inconsistent, the side effects very frequent and 
disturbing Other compounds were offered to us in rapid succession 
In preliminary screening, we eliminated five because of frequent side 
reactions or lack of clinical effect Eight preparations were finally 

! This investigation has been aided by grants from G D Searle and Company, 
Ell Lilly and Company and the Houston Endowment, Incorporated 

2 From the Protem Clinic of the Department of Medicme, The Johns Hopkins 

Hospital 
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chosen for comparative clinical study, five of these receiving more 
extensive trial They were used m dispensary and pnvate patients 
As mentioned m the introduction to this entire study, each drug was 
assigned to at least two members of our group ^ 

The evaluation of new drugs is particularly difficult m allergic con- 
ditions because of the psychoneurotic factor in many cases, because of 
the fluctuatmg pollen content of the air during the pollen season or 
variable degrees of exposure to other agents, because of the unpre- 
dictable, sometmies seh-limited, character of certain conditions, e g 
acute urticana Placebos were substituted extensively for the drugs 
A considerable number of patients, particularly in the dispensary, had 
to be ehmmated from the study on the basis of their placebo response 
Durmg a twelve months penod, ending on December 1, 1947, 686 
patients were treated with the drugs This figure, however, appears 
only m the tabulation of the side effects For comparison of the results 
m the various conditions, we disregarded very small groups and limited 
the tabulation to drugs given to a sufficient number of patients suffering 
from the same condition 

Where to draw the Ime m considering a patient benefited will always 
be a matter of somewhat arbitrary decision We registered our cases 
under the following groups No Improvement, Improved 25%, 50%, 
75%, 100% For the final evaluation, we regarded patients who 
showed 50% or more relief from their symptoms as benefited 
The dosage of the drugs, with two exceptions, was 50 mg every four 
to SIX hours In prelimmary trials it became apparent that this dose 
was too small for Antistme Originally, this drug had been used m 
100 mg doses in Switzerland, accordingly, we gave it m this dosage m 
all cases listed HydryUin contains 100 mg aminophyllma and 25 mg 
diphenhydramine base On the basis of its antihistamme content, 25 
mg would seem to be the effective dose in this combination 

RESUETS 

(a) Seasonal and perennial allergic rhinitis (Table 1) There was no 
evidence of a sigmficant difference m the results between seasonal, or 

* For description of the drugs used, see I Introduction and Dale Experiments 
Bull Johns Hopkins Hospital, 83 331, 1948, 
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pollen, rhinitis and perennial rhinitis, when the latter was definitely of 
allergic origin The two types were therefore considered together Of 
428 cases, 60% to 7 6% were benefited The best results were obtained 
with Pynbenzamine, followed by Hydrylhn, Antistine, and Neo- 
Antergan Relieved were the itching of eye and nose, the watery dis- 
charge and the sneezing paroxysms Nasal obstruction was rarely 
influenced Patients with perennial vasomotor rhinitis of the non- 
allergic type, characterized by negative personal and family histoiy of 
allergy, by negative skin tests, and by psychoneurotic background were 
not tabulated because of their small number They could not be 

TABLE 1 


Effect of various antthislamme compounds on seasonal and perenmal aJlergtc rhtnths 


D&UG 

NtJHB£S 07 PAT17MTS 

% SENSPITEO 

Antistine 

43 

70 

Hydryllm 

97 

73 

1721 (Searle) 

23 

65 

1913 (Searle) 

19 

68 

Histadyl 

63 

63 

Chlorothen 

30 

60 

Pynbenzamine 

51 

76 

Neo-Antergan 

102 

70 

Total 

428 

68 


helped by any antihistamine drug, those who seemed to be temporarily 
improved had the same result with placebos 

(b) BroncJnal Asthma (Table 2) 96 cases are hsted The number is 
small, for it soon became obvious that severe cases of asthma did not 
respond to the drugs, and had to receive adrenalin and aminophylbn 
for relief We had, therefore, to restrict the admimstration of the 
drugs in asthma in order to avoid needless prolongation of the attacks 
Neo-Antergan and Hydrylhn appeared to be most effective in these 
small senes On the basis of closer analysis and extended expenence, 
the figures of Table 2 have to be quahfied by the statement that only 
mild cases of wheezing could be relieved It was particularly disap- 
pomting that ragweed-allergy victims whose nasal symptoms ha 
responded weU to one of the drugs during last year’s ragweed season 
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contracted severe asthma in unusually large numbers at the end of the 
season and failed to obtain any help from the drugs at this time 
(c) Urltcana and angioneurotic edema (Table 3) In 53 cases, relief 
varied from 60% to 89% Antistme appears here on top of the list 
The number of cases is too small to warrant conclusions, except the 
statement that the highest degree of rehef can be obtained m this con- 
dition The response was rapid and complete, especially m urticaria 
caused by pemcillin 


TABLE 2 


Effect of various autihtslamtne compounds on broncJnal asthma 


mvo 

KtTUBEl or PATIENTS 

%BENEniED 

Antistine 

18 

33 

Hydryllm 

26 

46 

Histadyl 

10 

40 

Pynbenramine * 

15 

33 

Neo-Antergan | 

27 

48 

Total 

96 

40 

TABLE 3 


Effect of various antihistamine compounds 

on urticaria and angioneurotic edema 

MUO 

NUHBEE or PATIENTS 

% BENmnD 

Antistme 

19 

89 

Hydryllm 

10 

80 

Histadyl 

14 

79 

Neo-Antergan 

10 

60 

Total 

S3 

77 


id) Dermatihs and pruriHc conditions of various etiology (Table 4) 
Of 56 cases, Antistme and Histadyl benefited m 72% and 70%, respec- 
tively Relieved was the itching, but not the skin disease itself 
Cessation of scratching naturally resulted m improvement of such skin 
lesions as were due to superimposed trauma There was no evidence 
that the results in atopic and contact dermatitis differ in this respect 
Pruntus am responded excellently m most of the cases, but in a few 
there was complete failure 
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(e) Total results in all condthons treated (Table 5) If we limit our 
evaluation to the five drugs with which large groups of patients were 
treated, we find that an average of 65 4% of all cases treated was helped 
by the drugs The incidence of beneficial results ranged from 62% 
with Histadyl to 69% with Pyribenzamme 
These figures suggest that there is no fundamental difference m the 
effectiveness of the various drugs This impression is confirmed when 

TABLE 4 


Effect of various anhhtslamtne compounds on dermatitis and pruritic conditions of 

various etiology 


DBITG 

1 NUMBED or PATIENTS 

1 ^ 

% BENEFIIED 

Antistine 

29 

72 

Histadyl 

27 

70 

Total 

56 1 

71 


TABLE 5 


Effect of various antihistamine compounds on all conditions treated 
(Summary) 


DttUO 

1 

NmiBEB OP PATIENTS 

% BENErlTEO 

1 

Antistme 

110 j 

67 

Hydryllin 

142 

65 

Histadyl 

119 

62 

Pyribenzamme ' 

71 1 

69 

Neo-Antergan 

147 

64 

Total 

589 

65 4 


we consider those patients who have been treated with different drugs 
in succession 

The change from one drug to another produced results better than, 
equal to, or worse than those experienced before There was no rule, 
in the sense that one drug was always more effective or less effective 
than another drug Of two patients with the same condition, one 
might benefit from drug No 1 but not from drug No 2, whereas, the 
reverse might be true for the second patient Table 6 gives a partic r 
illustration, indicating the results in hay fever patients when HydryUin 
was replaced on 65 occasions by other drugs 
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if) Side ejffects (Table 7) The frequency of side effects m the 686 
patients treated with the eight different drugs vaned from 13% with 
Antistine to 42% with 1913 (Searle) The frequency of side effects 
was also high with 1721 (Searle) and HydryUin The second lowest 
incidence of side effects was noted with Histadyl 119 of the 686 cases 

TABLE 6 


Efecl on hay fever of Eydryllin compared imth other compounds in the same patients 


OTHER DRUG , 

1 

BETTER THAN 
HYDRYIiJN 

EQUAL TO 
HYDRYLLIN 

WORSE THAN 
HYDRYLKIN 

TOTAL 

Antistine 

! 

1 

1 

2 

Benadrj 1 

4 ! 

8 

6 

18 

1721 (Searle) 

3 : 

3 

— 

6 

Histadyl 

3 

4 

5 

12 

Chlorothen 

1 

1 

— 

2 

PjTibenzamine 

7 

7 

7 

21 

Neo-Antergan 

2 

1 

1 

4 

Total 

20 

1 

25 

1 

20 

65 


TABLE 7 

Side effects of various antihistamine compounds 


DRUG 

NUMBER OP 
PATIENTS 

% TOTAL 1 

SIDE EPPECIS 1 

% SEVERE 
SIDE EPPECXS 

Antistine 

no 

13 

5 

Hydryllin 

142 

36 

18 

1721 (Searle) 

36 

36 

25 

1913 (Searle) 

26 

42 

6 

Histadyl 

119 

19 

6 

Chlorothen 

35 

23 

0 

Pjnihenzamine 

71 

33 

25 

Neo-Antergan 

147 

27 

3 

Total 

686 




complained of drowsiness Other side effects were dizziness, weakness 
and fatigue, headache, nervousness, tremor, apprehension, tachycardia, 
anorexia, nausea, abdommal pain, diarrhea, diyness of mouth, blurred 
vision, dysuna, urinary frequency Seventy of side effects was more 
frequent with Pynbenzamine, 1721, and Hydryllin than with the other 
drugs The mdividuahty of response, mentioned in the discussion of 
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total results, holds true also for occurrence of side effects Many a 
patient who could not tolerate one drug could change to another drug 
which caused side effects in other patients but not in htm 

DISCUSSION 

Our results are in basic agreement with those of most other observers 
Arbesman and co-workers, (2) eg, reported improvement m 75% of 
their patients with allergic rhinitis when treated with Pyribenzamine 
In bronchial asthma these authors found 48% improved by this drug, 
a figure considerably higher than ours Bernstein and co-workers (3) 
found that of the patients with nonseasonal and seasonal allergic 
rhinitis, about 76% were improved by Pynbenzamine and about 65% 
by Neo-Antergan, in asthma, only 28% were benefited by Pynbenza- 
mine and only 20% by Neo-Antergan Fuchs and co-workers (4) failed 
to find any difference in relief from hay fever between a group treated 
with ragweed extract alone and a group treated with ragweed extract 
plus Pynbenzamine However, they employed a fixed dose of 150 mg 
daily in all patients, regardless of severity of their symptoms 

The Committee on Therapy of the American Academy of Allergy 
(5) has released a report based on 1570 cases treated with Hydryllin 
This report shows results less favorable m hay fever and vasomotor 
rhinitis but more favorable m asthma than our study shows As the 
figures have been compiled from the observations of 44 investigators, 
it IS doubtful that they are based on identical methods of evaluation 

The same report gives figures of the results with Antistme Our 
observations, as well as those of others, disagree with these figures 
Only 24% good and 13% fair results were encountered in the Com- 
mittee’s 114 cases of hay fever Walton (6) found improvement in 
73% of his 44 patients with perenmal rhinitis He treated only 4 cases 
of seasonal allergic rhinitis, all of which unproved 80% of his urticaria 
patients improved Britton (7) reported benefit from Antistme in 
76% of his allergic patients Hughes (8) had good results with Anti- 
stine in 59% of 32 cases with various allergic conditions 

Femberg and Bernstein (9) studied the effect of Histadyl 70% of 
patients with seasonal hay fever, but only 40% of those with non- 
seasonal vasomotor (allergic?) rhinitis, were relieved In urticana 
and dermatitis, their results were somewhat less favorable than ours 
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The incidence of side effects depends upon the dosage employed 
Britton, e g , noticed side effects with Antistine in 37% of the patients, 
13% severe, obviously because he gave 200 mg of the drug four times 
a day With the same drug, Walton had 25% side effects, less than 
6% severe, Hughes reported reactions in only 18%, almost all mild 
When in our study we correlated the dosage level with the mcidence 
of side reactions, it became apparent that the critical dosage of Anti- 
stine (where the reaction curves swmg up) was 400 mg daily 
T his critical dosage was 100 mg for Hydrylhn and 200 mg for Hist- 
adyl Beginning with these doses, the frequency of reactions in- 
creased in our cases 

Several cases of dermatitis due to Pynbenzamine have been reported 
(Arbesman and co-workers (2), Epstein (10), Harris and Shure (11) ) 
We have not seen such reaction to any of the drugs Exacerbation of 
asthma from use of Pynbenzamine has been noticed by Henderson and 
Rose (12) A sumlar observation had been made m several instances 
with Benadryl (Waldbott (13), Levin (14)) 

CONCLUSIONS 

The results of our study of the so-called antihistamine substances 
demonstrate that no parallehsm exists between their effectiveness 
against histamme in gmnea pigs and their effectiveness against human 
allergy The wide differences in potency found in histamme experi- 
ments are not found in chnical use However, there may be a rela- 
tionship between chmcal effect and effect m animal anaphylaxis Only 
Antistme reqmred a much higher dose for protection agamst anaphy- 
lactic death than did the other drugs The same drug is effective in 
man only when twice as high a dose is used as is necessary with the 
other compounds These other compounds gave a very similar degree 
of protection m animal anaphylaxis and a very smular mcidence of 
benefit m clmical use Such differences between the drugs as have 
been seen m both uses are hardly significant 

In selecting a drug for the treatment of an allergic condition, one 
should consider its side effects as well as its percentage of good results 
If it IS imperative to avoid drowsiness, as m patients who have to 
operate engmes of any kind, a drug like Histadyl or, when it has 
become available, Antistme is indicated Where a sedative effect is 
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not only non-hazardous but even desirable, a preparation hke Pyn- 
benzamine, Hydiyllin or Neo-An tergan is preferable, particularly at 
bedtime It is fortunate that we are able to choose among several 
preparations and to change from one to another whenever necessary 
The indications for using the compounds are dear They cannot 
replace the diligent search for the etiological factor in allergic conditions 
and its ehmination, if found While this search is being conducted 
and in case of failure, these compounds are very helpful adjuvants in 
allergic rhimtis and urticaria Their effectiveness in reheving the 
itching in many conditions makes them particularly valuable, in fact, 
in this respect they occupy a singular place m our armamentanmn 
The drugs are not indicated m bronchial asthma, except in the mildest 
cases Their admimstration during an asthmatic attack will unneces- 
sarily prolong the suffering of the patient AH cntical observers have 
emphasized the poor results of these drugs in asthma, a fact that con- 
trasts strangely with their effectiveness against the bronchoconstnctor 
action of histamine in guinea pigs 
Even in conditions in which we see the highest incidence of beneficial 
results, complete failures sometimes occur The nature of such cases 
deserves doser analysis The fate of the drugs during their passage 
through the gastro-intestinal tract should be determined 
Further concentrated efforts are necessary in order better to under- 
stand the action of “antihistamine substances,” and to eliminate their 
side effects 


SUMMARY 

1 Eight different antihistamine compounds were tested in various 
allergic conditions 

2 Of 589 cases, 65 4% were benefited The best results were ob- 
tained in urticana, followed by allergic rhimtis and dermatitis In 
bronchial asthma, only the mildest cases were benefited 

3 There were no pronounced differences in the effectiveness of the 
drugs The response to the drugs differed from patient to patient 
However, a drug which failed or caused severe side effects was fre- 
quently replaceable by another drug with good success 

4 Side effects were least frequent with Antistine, although its 

effective dose was twice that of the other drugs 
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5 The difierences in potency of the drugs against histamine in 
gumea pigs were not paralleled by similar differences in chnical results 
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The identification of paracolon bacilli and the differentiation of these 
organisms from SalmojieUa, Shigella, Proteus, and other Gram negative 
bacilli which fail to ferment lactose, present one of the most difficult 
problems m diagnostic bacteriology This problem was emphasized 
and discussed m a previous report on the relation of paracolon bacilli 
to unnary tract mfections (Schaub, 1946) The investigation to be re- 
ported here was undertaken with the hope of findmg a method for the 
differentiation of paracolon bacilli from culturally similar Enterobac- 
tenaceae and for the classification of the paracolon bacilh 

Cultural studies of paracolon bacilh by Stuart, Wheeler, Rustigian, 
and Zimmerman (1943) resulted m the now generally accepted practice 
of differentiatmg these Gram negative bacdh into paracolon Escher- 
ichia, paracolon Aerohacter and paracolon mtermediate on the basis of 
their IMViC* formulae This method of differentiation parallels the 
classification by Parr (1936) and Stuart, Griffin and Baker (1938), of 
the typical cohform bacdh into Escherichia, Aerohacter and mtermedi- 
ates on the same basis, that is, by their mdol, methyl red and Voges- 
Proskauer reactions and utilization of citrate as the sole source of 
carbon Borman, Stuart and Wheeler (1944) suggested the genenc 
name Paracolobactrum for the paracolon bacdli and the division of this 
genus mto Paracolobactrum aerogenoides, Paracolobactrum intermedium 
and Paracolobactrum colijorme on the basis of acetyl methyl carbmol 
production and utilization of citric aad as sole carbon source Michael 
and Harns (1945) also concluded, as the residt of a cultural study of a 
group of paracolon bacdh, that, other than the IMViC reactions, no 
biochemical properties coidd be considered characteristic of any one 

*IMViC IS a mnemonic formula proposed by Parr (1938) and expresses the 
results of the mdol, methyl red and Voges-Proskauer reactions and the utilization 
of citrate as the sole carbon source 
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group of paracolon bacilli and that there was no cultural basis for 
classification except by determination of IMViC formula Certam 
types or sub-groups of paracolon bacilli have been the subject of special 
biochemical and serological mvestigation (Peluffo, Edwards and 
Bruner, 1942, Edwards, Cherry and Bruner, 1943, Edwards, 1945, 
Hmshaw and McNeil, 1945, Barnes and Cherry, 1946, Stuart and 
Rustigian, 1943, Stuart, Wheeler and McGann, 1946, Galton, Hess 
and Collins, 1947) However, these types have been selected primarily 
on the basis of their probable pathogenicity for man and animals, and 
these reports have not contributed to the differentiation of the para- 
colon group as a whole 

In our laboratory fifty-six strains of paracolon bacilli, with but one 
exception from human sources, have been studied Sixteen of these 
cultures were received from Dr L W Parr of George Washmgton 
University, twelve from Dr C A Perry and A A Hajna of the Mary- 
land State Department of Health, four strains from Dr R V Stone of 
the Los Angeles Health Department and one from Mr T C Buck, 
Baltimore City Health Department The remaining twenty-three 
strains were recently isolated m laboratories of the Johns Hopkins 
Hospital from a variety of clinical material, for the most part urine and 
stool cultures One hundred control cultures, consisting of a number 
of strams each of Eschenclna, Aerohacter, intermediate coliform bacilli. 
Salmonella, Shgella, Eberthella, Proteus, Pseudo7)wnas, Serraha, Alka- 
hgenes, Vtbro and a few miscellaneous Gram negative bacilli were also 
included m the senes 

The usual biochemical tests used in the differentiation of Gram nega- 
tive bacilh were employed m the preliminary study of these cultures 
These were 1) the fermentation of lactose, dextrose, sucrose, xylose 
and mannitol, 2) the production of indol, the methyl red and Voges- 
Proskauer reactions and the utilization of citrate , that is, determination 
of IMViC formula, and 3) reduction of nitrates, production of hydro- 
gen sulfide, utilization of sodium raalonate (Leifson, 1933) and hque- 
faction of gelatin This cultural study yielded the anticipated results, 
that the paracolon bacilli could be classified as paracolon Eschenclna, 
paracolon Aerohacter, and paracolon intermediate on the basis of their 
IMViC formula, and that these biochemical reactions would not allow 
rapid differentiation of the paracolon bacilli from Sahno7tella, Shgella, 
Proteus, and other non-coliform organisms 
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A number of special media recently suggested for the differentiation 
of paracolon bacilli from Sahmnella, Slngella and Proteus were then 
studied These mcluded the multiple sugar medium and 10% lactose 
agar slants of Chilton and Fulton (1946) and Christensen’s urea agar 
(1946) In the multiple sugar medium, which contains adomtol, 
aesculin, salicm and sucrose and m which fermentation mdicates para- 
colon baciUi as differentiated from Salmonella, which fail to ferment any 
of these carbohydrates, our results closely approach those of Chilton 
and Fulton, 33% of the paracolon bacilli m our series giving a positive 
reaction However, the low percentage of paracolons which give fer- 
mentation in this medium does not recommend it for the differentiation 
of paracolon baaUi from the non-cohform Gram negative bacffli which 
give a negative reaction The agar slants containmg 10% lactose were 
also found to be of httle value, since only 21% of our paracolon bacilli 
showed fermentation m 24 hours on this medium, while 20 strains of 
supposedly lactose-negative Gram negative bacffh in the control senes, 
mdudmg strains of Eherthella, Shigella and Salmonella, gave an acid 
reaction 

Christensen’s urea agar mdicated urease production by 29% of the 
paracolon bacilli studied, thus differentiating these strains from the 
urease-negative Salmonella, Shigella and Eherthella The delayed re- 
action of the paracolon baciUi as contrasted with the rapid urease pro- 
duction by Proteus was useful in differentiating these organisms, as 
pointed out by Christensen However, the small percentage of para- 
colon baciUi found to produce urease detracts greatly# from the value 
of the urea agar for the differentiation of paracolon baciUi from other 
Enterobactenaceae 

Therefore, since neither the usual methods for the biochemical differ- 
entiation of Gram negative bacilh nor the new media suggested by 
Chilton and Fulton and by Christensen seemed to solve the problem of 
identffymg paracolon bacdli or rapidly differentiating them from 
Salmonella or Shigella and other non-coliform Gram negative bacilh, 
the followmg mvestigation was undertaken 

It IS well known that the growth of the t 3 ^ical coliform bacilh, 
Escherichia, Aerohacter, and the mtermediate group, is inhibited on 
certam media designed for the isolation of the mtestmal pathogens and 
for the inhibition of the normal mtestmal Gram negative baciUi It 
seemed possible that the paracolon bacilh also might be selectively 
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inhibited on such media, since they are generally regarded as atypical 
or aberrant forms of normal cohform orgamsms Therefore, the 
growth of the paracolon bacilh in our senes, as well as that of all of the 
control cultures, was studied on such media (Schaub, 1947) 
Inhibition of growth on Baltimore Biological Laboratoiy desoxycho- 
late-citrate and desoxycholate-citrate-lactose-sucrose agar and on 
Difco-Salmonella-ShigeUa (S S ) agar was first determined In pre- 
liminary trials, S S agar was found to give the best results, inhibition 
of growth on desoxycholate-atrate-lactose-sucrose agar being almost 
as satisfactory S S agar was therefore selected as the test medium 
for the onginal study However, we were unable to obtain informa- 
tion as to the composition of Difco bile salts no 3, which is one of the 
active ingredients of S S agar, and since, therefore, the formula of 
S S agar is not completely known, and smce it is over comphcated for 
our purpose, the development of a suitable medium of known composi- 
tion was undertaken This investigation has led to the development 
of a simple coliform inhibitmg medium with the following formula 


Beef extract 

0 5% 

Sodium citrate 

1% 

Sodium desoxycholate 

0 25% 

Sodium thiosulfate 

1% 

Trypticase 

0 5% 

Agar 

14% 


pH 71 


This coliform inhibiting medium, which will be referred to hereafter 
in this report as C I agar, has been found to give the same results as 
were obtained with Difco S S agar, that is, excellent inhibition of the 
typical coliform baciUi and closely related paracolons, while supportmg 
the growth of the control cultures and of certain paracolon baciUi, as 
will be described 

In this investigation, C I and S S agar have been used both as agar 
plates and slants with equally good results S S agar was prepared 
from the dehydrated, commercial product as directed, without sterih- 
zation, and distributed ascepticaUy into sterile petri dishes or into 
sterile test tubes and slanted C I agar was prepared according to the 
formula given above with a minimum of heating and also distributed 
ascepticaUy into sterile petri dishes or into stenle test tubes and slanted 
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In the asceptic tubing of both these media only simple precautions need 
be taken since the media will not support the growth of common con- 
taminants 

In testmg simultaneously a large number of cultures, both C I and 
S S agar have been used m petn dishes A plate may be divided into 
as many as twelve segments and each segment streaked hghtly with a 
proper dilution of the culture as will be described In testing single 
cultures, the media tubed and slanted is preferred, since a relatively 
small surface area gives better evidence of the presence or absence of 
inhibition than if an entire plate is moculated with a diluted culture 
In usmg S S agar, the medium in slants was found, to have the added 
advantage of demonstrating hydrogen sulfide production as satisfac- 
tonly as the lead acetate medium used for this purpose, the medium at 
the base of the slant becoming markedly blackened when the surface of 
the slant is streaked with a hydrogen sulfide producmg orgamsm C I 
agar gives only shght evidence of hydrogen sulfide, and this irregularly 
and only after 48-72 hours mcubation 

On both the C I and S S agar, inoculation with undiluted broth cul- 
tures was found to give unreliable results However, if diluted cul- 
tures are used, consistently satisfactory, reproducible inhibition of the 
t 3 ^ical and aberrant cohform baciUi was obtained The dilution factor 
operates withm very broad hmits, it havmg been demonstrated that a 
dilution of one loopful of a 24-hour broth culture m broth or sahne m 
amounts vaiying from 2 to 15 cc gives equally good results In this 
study we have consistently used a well shaken dilution of a loopful of a 
24-hour broth culture in 10 cc of sterile isotonic salt solution It has 
also been demonstrated that comparable results can be obtamed by 
fishing directly from a colony on deso:^cholate agar to 10 cc of sterile 
salt solution, usmg the sahne suspension for the inoculation of the test 
medium 

Using the techmques descnbed above, inhibition of the cohform and 
closely related paracolon baciUi is usually complete Occasionally 
one or two colonies of these organisms are found on either of the coh- 
form inhibiting media Inhibition of growth, however, is definitely 
mdicated m such mstances, as the cultures m which no inhibition oc- 
curs give numerous colomes when a diluted moculum is used It 
should be emphasized that results must be read after 18-24 hours mcu- 
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bation After longer periods of incubation growth may occur m 
cultures which were completely inhibited m 24 hours 

Studymg the growth of diluted and undiluted cultures on both C I 
and S S agar as described, it was found that the growth of the typical 
cohform bacilh, Escherichia, Aerohacter and the intermediates, was 
inhibited, while a majonty of the control cultures, including Salmo- 
nella, most Shigella, Eberthella, Proteus and Pseudomonas, grew well 
The notable exceptions in the control senes were several old stock 
strams of Shigella dysentesriae, which were inhibited irregularly on both 
media, and aU three strains of Proteus morgam, which were completely 
inhibited on C I agar while growmg well from a diluted inoculum on 
SiS agar Also inhibited on both C I and S S agar were all strains of 
Serratia marcescens, Alkahgenes faecalis. Bacterium hronchisepticmn and 
Vihrio comma, Vihrio metchnikom and Vihrio proteus However, since 
these latter organisms may be readily differentiated from paracolon 
baciDi, their failure to grow on C I and S S agar is not considered to 
detract from the value of these media as used for the identification of 
paracolon baciUi 

When the paracolon bacilh in our collection were studied on these 
media, it was found that the growth of a large number was inhibited, 
while others grew equally as well as the control cultures When the 
fact of growth or inhibition on coliform inhibitmg media was correlated 
with the results of the cultural study, all of the paracolon baciUi in our 
series were found to fall into one of four groups, which for the sake of 
convenience have been designated Groups I, II, HI, and IV 
(Table I) 

The paracolon bacilli whose growth was inhibited on C I and S S 
agar are included in Group I In this respect, that is, inhibition on the 
test media, and in other cultural characteristics as well, these paracolon 
bacilh resemble the cohform bacilh, differing from the typical coliforms 
only in their failure to ferment lactose promptly with acid and gas 
Stuart, Mickle and Borman (1940) have suggested the term ‘ aberrant 
cohform” for the slow-lactose-fermenting cohform orgamsms, and this 
term may well be applied to these Group I paracolon bacilh Stuart 
and his associates (ibid) suggested that the aberrant coliforms be 
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Ag = acid and gas, A = acid only, si = slight, w = weak, +/— = some strain positive, some negative 
^ For differentiation of the subgroups of Group II paracolon bacilli, see Table III 
’ Some strains produce a bubble of gas in dextrose Durham tubes 

’ + = slight urease production in 24 hours, increasing on further incubation, on Christensen’s urea agar 
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classified by their reaction in lactose Durham tubes and described the 
foUowmg groups 

a) late-lactose-fermenting, nucro-aerogemc, which fail to produce 
acid and 20% or more gas m lactose broth m 48 hours 

b) anaerogemc, which ferment lactose in 24 hours or longer with the 
production of aad but no gas 

c) papiUae-formmg strains, which ferment lactose slowly with acid 
and gas and which, on desoxycholate or eosm-methylene-blue 
agar, produce colored secondary colomes, transplants from which 
ferment lactose in 24 hours These include the orgamsms gener- 
ally known as Escherichia coli-mutabile (Neisser, 1906, Massme, 
1907, Parr, 1939) but the group IS not limited to paracolon 
Eschertchia 

d) strains which fail completely to ferment lactose 

The paracolon bacdh of Group I of our series may be classified by 
their fermentation of lactose in this manner, and examples of each 
fermentative type have been found in the cultures studied It is 
interesting to note that with but one exception, all the strains of 
paracolon EscJiencha which fermented lactose slowly produced pa- 
piUae-forming colomes on desoxycholate agar, either readily on first 
isolation or after a number of subcultures Only one stram each of 
paracolon Aerobacter and paracolon intermediate were found to produce 
such secondary colonies 

As has been previously mentioned, Stuart, Wheeler, Rustigian and 
Zimmerman (1943) and Borman, Stuart and Wheeler (1944) introduced 
the classification of paracolon bacdli as paracolon Eschertchia^ paraco- 
lon Aerobacter and paracolon intermediate by IMViC formula As 
shown m Table II, the Group I paracolon bacilh, those whose growth is 
inhibited on C I and S S agar, may be thus differentiated by their 
mdol, methyl red, Voges-Proskauer and citrate reactions As far as 
other biochemical reactions are concerned, there is no correlation be- 
tween the results in Chilton and Fulton’s mulbple sugar (Aass) medium 
and differentiation by IMViC formula, while on Christensen’s urea 
agar paracolon Eschenchta were unifomuly negative and paracolon 
Aerobacter and paracolon intermediates were found to be less than 
50% positive Other cultural charactenstics are shown in Table I 

The strains of paracolon bacilli compnsmg Group I were isolated 
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from both normal and pathologic stool specimens, from urine, from 
blood and body fluid cultures taken at autopsy, and from ear cultures 
The percentage occurrence of this and the other groups of paracolon 
bacdh in our senes is not significant, since they do not represent a con- 
tmuous series, and the strains received from Dr Parr, Dr Perry and Mr 
Hajna, and Dr Stone represent selected strains from their collections 
However, smce efforts to obtain additional freshly isolated strains of 
Group II, III and IV paracolons have been unsuccessful, and smce 
Group I cultures are encountered with great frequency in the routine 
laboratories of the Johns Hopkins Hospital, it is evident that the 
aberrant colrform bacflli of Group I are by far the most common 
paracolon bacifli encountered in chmcal material from human sources 
Using inhibition on C I or S S agar as a screen test, these orgamsms 
may be rapidly differentiated from non-cohform baciUi, such as 
Salvionella, Shigella and Proteus, which they may resemble culturally 
Thirty seven of the paracolon orgamsms m our series faded to grow 
on C I or S S agar, and are so included m Group I just descnbed 
The remaimng mneteen strains grew well under the test conditions If 
classification by IMViC formula alone was apphed, without reference 
to growth on the test media, then these orgamsms would be indiscrimi- 
nately classified as paracolon mtermediates But if they are separated 
from the aberrant cohform bacdh of Group I by the fact of their growth 
on cohform inhibitmg media, then these orgamsms faU mto three well 
defined groups. Group II, Group III and Group IV 
The outstanding common characteristic of Group II paracolon 
bacdh, as shown m Table I, is their production of hydrogen sulfide 
They are ad. motde Gram negative bacdh which ferment lactose slowly, 
m from 2-10 days, with the production of acid and shght gas, serial 
transfer m lactose broth resultmg in fermentation m 24 hours Dex- 
trose and mamutol are fermented promptly with acid and gas An 

IMViC formula of 1 h is common to the group 

Other biochemical charactenstics of the Group II paracolon bacdh 
m our collection have shown these orgamsms to fall mto three weU 
defined cultural sub-groups, as shown m Table II The orgamsms of 
sub-group A are characterized by the production of urease as demon- 
strated on Christensen’s urea agar, though the reaction is weak and 
delayed as compared with that of Proteus They also may be readdy 
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recognized by the presence of a marked and distinctive odor resembling 
that of spoiled cabbage These strams correspond to the descnption 
pubhshed by Barnes and Cherry (1946) of a group of paracolon bacilli 
isolated from a small outbreak of gastroenteritis in Bethesda, Mary- 
land Dr P R Edwards has kindly studied the strams comprising 
Group II-A, and has classified them (Edwards, 1947) as belonging to 
what he refers to as the “Bethesda Group”, which group includes the 
strains from gastroenteritis descnbed by Barnes and Cherry The 
strains of sub-group A in our series were also isolated from stool speci- 
mens from patients with gastroenteritis 
Sub-group B of Group II paracolon baaUi differs from sub-Group A 
m fermentmg sucrose and in producing aad and gas in Chilton and 
Fulton’s multiple sugar medium, probably due to fermentation of the 
sucrose in this medium These orgamsms also possess the distinctive 
characteristic of growmg on nutrient agar contaimng 1/5000 potassium 
tellurite The only other Gram negative bacfili found to grow on 
tellurite agar of this concentration are Proteus mirahahs, P vulgans, P 
morgam and Pseudomonas aeruginosa It is possible that the sucrose- 
positive, hydrogen-sulfide-positive, urease-producing paracolon bacilli 
reported by Christensen (1947) may be of this group 
Sub-group C of Group II paracolon bacilli may be differentiated 
from Group II-A and Group II-B by failure to produce urease, by 
utilization of sodium malonate, by lack of the distinctive cabbage odor 
and by slow liquefaction of gelatin Culturally these organisms corre- 
spond to descnptions pubhshed by Peluffo, Edwards and Bruner 
(1942), Edwards, Cherry and Bruner (1943) and Hinshaw and McNeil 
(1945) of paracolon bacilli isolated from warm and cold blooded am- 
mals and turkeys, which organisms are serologically related to the 
genus Salmonella In only one instance, Edwards (1945), has a 
paracolon bacillus of this group been reported from a human infection 
The one strain of Group ITC in our collection was received indirectly 
from Dr Hinshaw and was isolated from a rattlesnake 
These hydrogen sulfide producing paracolon bacilh of Group II may, 
on superficial cultural exaimnation, be confused with Salmonella or 
Proteus, but they may be readily differentiated culturally as shown in 
Table II Prateus may be elumnated by the use of either Rustigian 
and Stuart’s (1941) or Christensen’s (1946) urea media Sub-groups 
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A and B may be rapidly differentiated from Salmonella by urease pro- 
duction on Chnstensen’s urea agar, less specifically by the distmctive 
cabbage odor, and eventually by their late fermentation of lactose 
Sub-group C can be differentiated from Salmonella by utilization of 
sodium malonate and by the slow lactose fermentation and delayed 
gelatin hquefaction of these paracolon baalh 
Group III includes a well defined group of anaerogemc paracolon 
ba n Hi which grow well on S S and C I agar As shown in Table I, 
they fail to ferment lactose, xylose and manmtol while fermentmg 
dextrose with the production of aad and usually no gas, although 
occasionally a small bubble of gas may be formed Sucrose is fer- 
mented slowly, in from 4-6 days, with aad only Indol is produced 
and citrate utilized (IMViC 4- -1 h), while the reaction on Chris- 

tensen’s urea agar is negative In lead acetate medium, hydrogen 
sulfide is produced, but the reaction is weak 
These Group III paracolon bacilh, the four strains of which m our 
collection were isolated from patients with mtestmal infections, are 
culturally identical with paracolon bacfih Type 29911 as descnbed by 
Stuart, Wheeler and McGann (1946) Stuart and his associates con- 
cluded, after an extensive study of their Type 29911 cultures, that they 
appear to be an intermediate group between Proteus and Shtgella, a 
concept borne out by our results Culturally, Group III paracolon 
bacilh closely resemble Proteus rettgert, but they may be easily differ- 
entiated by the strong urease production of the later 
The biochemical charactenstics of Group IV paracolon bacilli are 
shown in Table I Like Groups II and III, their growth is not m- 
hibited on either of the cohform mhibitmg media, so that they may be 
readily differentiated from the commonly occurrmg Group I orgamsms 
The outstandmg cultural charactenstic of Group IV paracolon bacilh 
IS their utilization of sodium malonate as the sole source of carbon 
The abihty to utilize sodium malonate or malomc acid is a valuable 
differential characteristic, smce it is shared by a relatively few Gram 
negative baciUi, namely Aerobacter and Group I paracolon Aerohacter, 
some strams of mtermediate cohform baciUi and Group I paracolon 
mtermediates, Group II-C and Group TV paracolon bacilh and also 
Pseudomonas aertiginosa Of these malonate-positive orgamsms, only 
Pseudomonas and Group II-C and Group IV paracolon bacilh wdl grow 



378 


ISABELLE G SCHAIJB 


on cobform inhibiting media, and the malonate-positive paracolons 
may be readily differentiated as shown in Tables I and II 


TABLE n 

Dtfferenttahon of Group II Paracolon Bactlh 


OEGANISUS 

HYSSO 

GEN 

SUL- 

FIDE 

LACTOSE 

SUCROSE 

UEEASEl 

GELATIN 

MALO- 

*Vate 

CAB 

BAGS 

ODOR 

GROWTH 
ON AGAR 
CON- 
TAINING 

1/SOOO 

FOTAS- 

SIUU 

TELLU 

RITE 

Group II — A 
paracolon bacilli 

+ 

late AG 


+ 


1 

+ 


Group II — 
paracolon bacilli 

+ 

late AG 

AG 



1 

+ 

+ 

Group II — C 
paracolon bacilli 

+ 

late AG 

— 

- 

+ 

^ slow 

+ 

- 

- 

Salmonella 

+/- 

— 

— 

m 

m 

- 

- 

- 

Proteus vulgans mira- 
balis 

+ 

— 

AG 1-7 
days 

++ 

+ 

- 

- 

+ 

Proteus morgani 

+ 

- 

— 

++ 

- 

- 

- 

+ 

Proteus rettgeri 

— 

— 

— 

++ 

— 

- 

- 

- 


AG = aad and gas, 

^ + = slight urease production in 24 hours, increasing on further incubation 
++ = shght urease production in 6 hours or less, reaction complete in 24 hours 
Urease production demonstrated on Chnstensen's urea agar 


Other biochemical reactions of Group IV paracolon baciUi are shown 
m Table I These orgamsms have an IMViC formula of — |- + +> 
and weak and delayed utilization of sodium citrate is characteristic of 
the group Lactose is fermented slowly (2-3 weeks) by two strams, 
while no defimte fermentation by the other four strams was observed 
after two months incubation Other carbohydrates are fermented m 
24 hours These orgamsms are weakly aerogemc, some strams bemg 
completely anaerogemc on first isolation |but producmg small amounts 
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of gas ‘subcultures In all cases dextrose is fermented with acid and 
gas, but the production of gas in the fermentation of other carbohy- 
drates IS irregular and inconsistent Gas formation m lactose Durham 
tubes has 'not been observed, while m the fermentation of sucrose, 
xylose 'and manmtol gas may or may not be produced 

No idescnption of the orgamsms mduded m Group IV could be 
found in the hterature Although the number of strains is too small 
to be significant in respect to probable pathogemcity, it should be noted 
that all were isolated from patients with diarrhea and that efforts to 
fin d similar orgamsms m other chmcal material have been unsuccessful 
to date [ ) 

DISCUSSION 

The differentiation of paracolon bacilli here suggested presents 
nothmg radically new or different, but follows the pattern already 
estabhshed by the reports of other investigators It follows the sug- 
gestion of Stuart and his associates (Stuart, Mickle and Borman, 1940, 
Stuart and Rustigian, 1943 , Stuart, Wheeler and McGann, 1946) that 
the paracolon group includes the aberrant cohform bacilh and also 
other Gram negative bacilh which appear to be mtermediate between 
the cohform group and various non-coliform genera such as Salmonella, 
Proteus and Shigella Under the system of differentiation just de- 
scnbed, the Group I paracolon bacilh, which behave as do the cohform 
bacilh on C I and S S agar, appear to be aberrant cohforms, while 
Groups II, III and IV appear to be intermediate forms between 
cohform and non-cohform orgamsms 

In our laboratory the deterrmnation of growth or inhibition on either 
the cohform-mhibitmg (Cl) medium descnbed, or on Difco S S agar, 
has served as a useful screen test in separating the aberrant cohforms 
of Group I from the other paracolon bacihi However, the value of the 
test, in our opmion, hes not so much m its use m dassifjang the paraco- 
lon bacdh as m differentiatmg between the aberrant colrform bacilh of 
Group I and Salmonella, Shigella, and Proteus Smce the paracolon 
bacilh commonly encountered in vanous types of chmcal matenal, 
particularly urine cultures and normal stool specimens, are of Group I 
whose growth is inhibited on cohform inhibiting media, this test has 
proved a valuable aid in the rapid identification of paracolon baciUi 
from human sources 



380 


ISABELLE G SCHAIJB 


In the course of the investigation leading to the development of the 
new cohform-mhibiting medium, all the Gram negative bacilli m our 
collection were repeatedly tested over a period of ten months During 
this time no alteration was noted in the inhibition of the typical coh- 
forms or the Group I paracolon hacilh, or in the growth of stock 
cultures of Groups II, III and IV paracolon baciUi and the control 
cultures on C I or S S agar However, prehminary studies of variants 
of paracolon baalh have shown that rough and small colony vanants 
of Groups II and IV paracolon bacdli fail to grow on C I and S S agar, 
while the smooth forms of these orgamsms consistently give good 
growth on these media Stuart, Wheeler and McGann (1946) have 
reported sunilar inhibition m colomal variants of Type 29911 strains 
(Group III) With these exceptions, the characteristic of growth or 
inhibition on coliform inhibiting media appears to be a stable charac- 
tenstic, and one that can be depended upon for the identification of 
newly isolated strains of paracolon bacilh 
The number of strains of paracolon baciUi included in our series is 
too few to draw any definite conclusions as to the relative patho- 
genicity of the four groups here described However, in view of the 
fact that evidence for the etiological role of some strains of paracolon 
baciUi in gastro-enteritis is accumulating in the hterature (Barnes and 
Cherry, 1946, Stuart and Rustigian, 1943, Stuart, Wheeler and 
McGann, 1946, Galton, Hess and Collins, 1947, Christensen, 1947), 
the source of our strains is interesting and possibly significant Fifteen 
strains of paracolon bacilli received from Dr Parr were isolated from 
normal feces, and all were inhibited on S S and C I agar and so classi- 
fied as Group I The remaining twenty-two strains of Group I paraco- 
lon bacilh were isolated from a vanety of clinical material, prunarily 
urine cultures, stool specmens and autopsy matenal Their occur- 
rence IS, therefore, the same as that of the typical cohforms and such as 
would be expected of aberrant coliform bacilh The sixteen strains 
comprising Group ITA, Group III and Group IV were aU isolated from 
patients with diarrhea or gastro-enteritis No strains of these groups 
have been isolated from normal stool specimens or from other chmcal 
material Since Groups II, HI and IV paracolon bacilh are not in- 
hibited on S S agar or C I agar and are, therefore, differentiated from 
the typical and aberrant cohform baciUi of the normal mtestmal tract, 
and since these orgamsms appear to be intermediate forms between 
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coliform bacilli and Sahmitdla, Proteus and Shigella, their etiological 
significance in intestinal disease as suggested by their occurrence m 
pathologic stool specimens does not seem improbable 

SUMMARY 

1 On a simplified desoxycholate-citrate-thiosulfate medium (coh- 
form-inhibitmg or C I agar) and on Difco S S agar, the growth of 
t5^ical cohform baciUi is inhibited On either of these media, using a 
properly diluted culture as an inoculum, the growth of a large number 
of paracolon baciUi is also inhibited 

2 Correlating growth or inhibition on C I or S S agar with bio- 
chemical charactenstics, the paracolon bacdli in our senes fall into 
four large groups and a number of sub-groups 

Group I — aberrant coliform bacilli, consistmg of paracolon Escherichia, para- 
colon Acrolacter and paracolon mtermediates, growth inhibited on coliform inhib- 
itmg media 

Group II — hydrogen-sulfide-producing paracolon baciUi, growth not inhibited 
on coliform mhibitmg media This group may be divided culturally mto three 
sub-groups, II-A, II-B and II-C 

Group III — anaerogemc paracolon bacilli, growth not inhibited on coliform 
inhibiting media (Stuart Type 29911) 

Group IV — malonate-positive paracolon bacilli, growth not inhibited on coliform 
inhibiting media 

3 The use of Cl and/or SS agar to determine growth or inhibition 
of an orgamsm suspected of being a paracolon bacillus is recommended, 
not only for the possible classification of paracolon bacilh but also for 
the differentiation of the more commonly occurring Group I organisms 
from Salmonella, Shigella, Pseudomonas and Proteus 
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PHYSIOLOGICAL FUNCnONS OF THE UPPER RESPIRATORY TRACT 

The chief function of the upper respiratory tract is the modification 
of aspirated environmental factors As m all complex mechamsms 
any one of a number of small defects may cause more or less senous 
limitations of function From the medical pomt of view our chief 
mterest is m the mamtenance of normal function and the recogmtion 
and correction of minor defects before major difficulties arise 

Ordmarily , the air about us is below body temperature It is always 
lower m humidity than the air m our lungs which is saturated with 
moisture Frequently it contams a large quantity of dust and occa- 
sionally large foreign particles Almost any bacterium or virus may 
be air borne and commonly travels on particles of dust In ordmary 
respiration, 500 cc of air passes through the nose on its way to the lungs 
m about two seconds Durmg this rapid passage gross particles of 
dust are removed at the nostrils and smaller partides become imbedded 
m the nasal mucus (1) The laiynx is an additional protection agamst 
the passage of large foreign particles mto the lungs The mspired air 
IS warmed to approximately body temperature and its water content 
greatly mcreased by its passage over the nasal, pharyngeal and tracheal 
mucous membrane (2) 

Division of the nasal passages mto two major parts by the septum 
and numerous smaller passages by the turbmates serves to provide a 
remarkably large mucous membrane area within the nose In the 
normal nose the passage for am is at no pomt much wider than four or 
five nuUimeters, if both the turbmates and septum were removed, the 
mside of the nose would consist of a smgle cavity about 20 millimeters 
m width This wide surface area provides a highly effiaent humidi- 
fymg and thermal control apparatus and an excellent opportumty for 
the remo\^l of foreign matenal The several smaller am streams mto 
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which the mam column of air is divided allows its passage with less 
turbulence 

The nasal mucous membrane, except at the vestibule and in the 
olfactory area, is composed of cihated columnar epithehum It is 
highly vascular and nch m mucous glands Its thickness and vascu- 
larity can alter markedly with normal environmental fluctuations and 
with changes due to disease The most important characteristics of 
this mucous membrane are its large content of glands which provide 
a contmual production of thm, tenacious mucus, and its cihated epi- 
thehum (3) The cihary movements throughout the nose are con- 
tinually towards the nasopharynx (4^6) It has been calculated that 
cihary action m the mucous membrane of the frog is so strong that m 
one mmute one cihated cell does work sufficient to Mt its own weight 
4 25 meters This cihary activity is extremely persistent m the face 
of widely varymg conditions A drop m temperature to 5° centigrade 
suspends cihary activity only temporarily Drying and excessive heat 
win mcapaatate the ciha for a longer period Cihary activity remams 
normal as long as the nasal pH remams withm the range 5 5 to 6 5 and 
it wiU often persist over a much wider range of pH change Durmg 
nasal disease, the pH of the nose becomes more alkalme, rest and sleep 
tend to restore the pH closer to the normal acidity Cihary move- 
ment withm the sinuses moves any foreign material or mucus towards 
and through the sinus orifices where it ]oms the stream of mucus that 
IS contmuafly moving towards and mto the nasopharynx Accordmg 
to Hilding (4), mucus moves at a rate of four to six miUimeters a 
mmute, and smaU particles of foreign material have been observed to 
travel from the anterior end of the middle turbinate to the region of the 
eustachian tube onfice m four to ten minutes 

One of the commonest potential sources of ciliary trauma is nasal 
medication Improper nasal medication may completely cnpple the 
defenses of the nose m a matter of minutes The use of an oily prep- 
aration overburdens and clogs cihary action and at times causes com- 
plete cessation of cihary motion Two per cent sodium chloride solu- 
tion or plain tap water is harmful to the nasal mucous membrane 
Solutions of sodium salts of sulfonamides may permanently impair the 
function of ciha Silver salt preparations may produce severe caustic 
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reactions on the mucous membrane and m addition may result m the 
deposit of silver m the slon, arg 3 Tia (7-9) 

There are several drugs which are harmless when admimstered in 
normal sahne Among these are neo-synephnne, ephedrme and pem- 
rilhn These drugs are most useful for nasal medication m the follow- 
ing concentrations — neo-synephrme j%, ephednne 1%, pemciUm 1000 
umts per cc Although the benzedrine mhaler has disadvantages in 
being a central nervous system stimulant and m having a very short 
action, it IS harmless to the nasal mucous membrane and useful in some 
instances There are, of course, other drugs that are beneficial in 
selected cases, but many of the nose drops m wide use are both harmful 
and useless In any nasal medication the first question should be its 
possible toxic effects on the alia and the mucous membrane of the nose 
Although a large surface area of mucous membrane and small airways 
are essential for optimum physiological function, these factors are 
pecuharly susceptible to serious interference from minor changes 
Diffuse moderate inflammation or thickenmg of the mucous membrane, 
or minor anatomical abnormahties, may obstruct the passage of air 
through the nose or block the orifices of the paranasal smuses A 
septal deviation of two milhmeters strategically located may upset the 
normal functionmg of the nose Diffuse thickening of the mucous 
membrane either from mechamcal irritation, allergy, or infection may 
produce the same undesirable result Abnormally functioning nasal 
passages may cause trouble m one of three ways mterference with the 
sense of smell, interference with the passage of air mto the lungs, and 
by servmg as a seat of infection These disorders may be facihtated 
by structural defects, damaged mucous membrane, impairment of the 
ciliary function and the secretion of mucus, or by infection It is 
important to note that damage to any part of the nasal passages may 
result m impairment of all other parts Thus cessation of cihary move- 
ment will result in a change m the character of the mucus, often fol- 
lowed by infection and thickemng of the mucous membrane and inter- 
ference with the airway As long as there is normal cihary function 
and normal production of mucus and no major mechamcal interference 
with the airway, the whole sytem is safe TOth one exception If the 
nasopharjmx becomes the seat of a fulminatmg infection, the ears, 
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nasal mucous membrane and accessory nasal smuses may become 
involved 

The real vulnerable point m the upper respiratory tract is the naso- 
pharynx This IS true for two reasons all air-bome orgamsms gaimng 
access to the intenor of the body pass through the nasopharynx and 
over the adenoids 

Smce the discovery of the “lacteals” by Aselhus in 1622, the function 
of the lymphatic system has been a subject of much conjecture In 
1860, Virchow first postulated the “barner theory” This took into 
consideration the strategic location of lymphoid tissue throughout the 
body and the fact that it is almost impossible for foreign material to 
pass through lymph glands In 1898, Pfeiffer and Marx demonstrated 
the mcrease in antibodies in lymphoid tissues and bone marrow after 
mjection of heat-kiUed cholera bacilh mto rabbits and guinea pigs (10, 
11) In 1935, McMaster and Hudack (12) demonstrated the forma- 
tion of agglutimns within lymph nodes In 1939, Rich, Lewis and 
Wmtrobe (13), m connection with studies of the body’s reaction to 
foreign protem, stated that “ it is temptmg to suspect that they 
(lymphoid cells) may be concerned m the same way in the process of 
antibody formation ” In the same year Sabin (14) said that “ one 
may stimulate the phagocytic cells either of the liver and spleen or of 
the tissues and lymph nodes to produce antibodies ” 

Thus, over a period of several decades, there had been a gradually 
mcreasmg conviction among those workmg m the field that the entire 
l 3 miphoid system might be involved m the process of immumty (15, 16) 
No concrete proof of the manner and extent to which this was true 
existed until the work of Dougherty, Chase and White m recent years 
(17-21) 

In 1944, these workers demonstrated m studies of extracts of tissues 
a concentration of antibodies m lymphocytes In the following years 
a bnlhant series of mvestigations by these workers have thrown a great 
deal of hght on the entire subject Workmg with mice and rabbits and 
on the basis of certain known facts about the relationship between the 
adrenals and lymphoid tissue, they were able to demonstrate the re- 
lease of antibodies from lymphocytes It was known that lymphoid 
hyperplasia occurs m Addison’s disease and that adrenalectomy causes 
lymphoid hyperplasia m animals Also, that adrenotrophic hormone 
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injected into a normal animal produces dissolution not only of the 
thymus but of lymphocytes m the arculatmg blood and lymphoid 
structures in general They made extensive studies of the events 
which follow mjection of adrenal cortical hormone or adrenotrophic 
hormone and came to the following conclusions Following such injec- 
tions m normal animals there occurs almost immediately a dismtegra- 
tion of lymphocytes, a washmg out of these cells from lymphoid tissues, 
and extensive changes in the fixed reticular cells Adrenotrophic 
hormone will produce none of these changes in the adrenalectomized 
ammal They were able to conclude that lymphoid tissue contnbutes 
to normal defense by 

1 Release of globuhn from lymphocytes, which aids in the mam- 
tenance of blood volume 

2 Release of antibody globuhn in the immunized ammal 

3 Increased production of macrophages in lymphoid structures 

These workers also were able to demonstrate that the enhancement 

of antibody titer which follows injection of a variety of non-specific 
substances other than tlie ongmal antigen is tied m with this same type 
of lymphoid tissue activity 

In 1945, Leathart (22) brought up the question of how large a role 
the tonsils and adenoids may play m the development of immumty, 
particularly in childhood, and the possible effect on this development 
of removal of tonsils and adenoids at an early age It seems reasonable 
to assume m the face of present day knowledge that the Ijmphoid 
tissue in the upper respiratory tract may play an important role m this 
respect At first glance, one would beheve that the large quantity of 
l 3 Tnphoid tissue remaimng m the mucous membrane of the naso- 
phar^'nx, phaiynx and at the base of the tongue after the most com- 
plete tonsillectomy and adenoidectomy would suffice for these purposes 
Yet, on more careful consideration, one can conceive the possibihty 
that no matter how much lymphoid tissue remams most of it lacks the 
strategic location of the ongmal tonsils and adenoids in regard to its 
exposure to food and air Certainly this possibihty must be carefully 
weighed when one is considermg the removal of tonsils and adenoids in 
the young child simply because of recurrent upper respiratory infec- 
tions It IS possible that their removal may senously impair the child’s 
abihty to acqmre immumty (23) 
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The tonsils and adenoids are susceptible to infection for two reasons 

1 Their surface is pitted with crypts which, in the presence of marked 
hypertrophy, may be deep and mtricate The epithehum hmng these 
crypts always is either partially or totally destroyed by severe acute or 
oft-repeated infections and replaced with granulation tissue The 
resulting scar tissue formation and the secondary keratosis, or homy 
overgrowth of epithehum around the orifice, interferes with drainage 
or completely seals off the crypt In the tonsils this is an especially 
frequent occurrence and necessitates surgical removal, which must be 
complete and include all of the crypt system In the adenoids and 
h 3 q)erplastic l 3 anphoid nodules on the lateral and posterior pharyngeal 
walls and at the base of the tongue, the crypts are not so deep or 
branching as m the tonsils, and surgical removal of the larger surface 
masses, supplemented with irradiation, enables us to flatten out or 
completely remove the crypts without removing the underlymg mucous 
membrane 

2 Their location exposes them to bactena entering the mouth in 
food or drink and to air-borne vimses and bacteria In the days before 
milk was pasteurized and before State Health Departments inspected 
dairy herds and killed all tuberculous cows, it was common to find 
tubercles in the crypts of tonsils and metastatic tuberculous glands in 
the neck There is no such simple way to prevent air-borne organisms, 
and it IS for this reason that the nasopharynx is the starting point for 
most virus and pyogenic upper air-passage infections and their com- 
phcations 
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PATHOLOGY OP UPPER RESPIRATORY INPECTIONS 


In any discussion of the treatment of hypertrophied or infected lymph- 
oid tissue in the upper air passages, especially in children, it is of 
interest to review the experimental and chnical observations of the 
past 25 years concermng 

1 The etiology of the co mm on cold 

2 The interaction of virus and pyogemc bactena m producing ear 
and smus comphcations 

3 The functions of lymphoid tissue 

4 The known causes of hyperplasia of lymphoid tissue 

Removal of tonsils and adenoids is probably the most common of all 


surgical procedures, and the number of patients operated on every year 
would, no doubt, be greatly increased if hospital beds wdre available 
to take care of the thousands of children for whom this operation is 
advised It is perhaps fortunate that facihties are not available to 
carry out on aU children the recommendation of family physicians, 
pediatricians, otolaryngologists and school examiners that the tonsils 
and adenoids be removed It is not necessary to discuss here the 
indications and contra-mdications for tonsillectomy and adenoid- 
ectomy, other than to say that the decision always should rest on as 
rational a basis for this operation as it does for an appendectomy or 
other surgical procedures The end result of a tonsillectomy and 
adenoidectomy is good in selected cases, but in many children the 
benefits of the operation, even when it is thoroughly and carefully per- 
formed, are only temporary and, a few months or a year later, new 
symptoms begm to manifest themselves, such as impaired hearmg or 
sinus infections The explanation lies in the fact that lymphoid tissue 
IS an mtegral part of the mucous membrane of the postenor and lateral 
walls of the pharynx and nasopharynx and that aU of it cannot be re- 
moved At operation only the large central mass of adenoids and 
smaller nodules in the fossa of RosenmuUer are taken out Much 
lymphoid tissue is left behind, and as a result it not only begms to 
hypertrophy with the next cold but this regenerated lymphoid tissue 
contams crypts and crevices, similar to those in the ongmal adenoid 
mass, that make ideal lodging places for virus and bacteria 

The common cold is one of the most prevalent of human diseases and 



TREATMENT OF TOPER RESPIRATORY TRACT DISEASES 391 


IS directly or indirectly responsible for many of the conditions the 
otolaryngologist is called upon to treat Epidemiological studies of 
the incidence of this disease show that practically every man, woman 
and child m the United States has, on the average, about two and one- 
half colds a year Susceptibihty is greatest m childhood, but contmues 
high even to extreme old age One of the most important portals of 
entry of infectious agents mto the human body is the respiratory tract 
In spite of such protective mechamsms as tortuous channels, an abun- 
dance of sticky mucus, cdiated epithelium and aggregations of lym- 
phoid tissue, foreign matter, bactena and viruses floating m the air are 
able to lodge in certain parts of the respiratory tract and there to set up 
irntative or infectious processes 

Search for the etiological agent of the common cold has extended over 
a penod of many years For a long tune the cause was thought to be 
one or more of the pyogemc bactena This idea was dispelled by the 
observations that healthy mdividuals harbor in their nasopharynx 
potentially pathogemc organisms, such as pneumococcus, strepto- 
coccus, staphylococcus and H influenzae Usually, the first appear- 
ance of these organisms m the nasopharynx of infants is not associated 
with an inflammatory reaction of any kind (1) Furthermore, day by 
day cultures from the upper air passages of large groups of college 
students show that in the early days of a cold no new orgamsms appear 
in the throat flora 

In an isolated commumty m the far north (4), the arnval of a ship 
with a single individual with an acute upper respiratory infection has 
initiated an outbreak of the common cold, which spreads rapidly among 
the natives, often reaching a morbidity rate of approximately 40% m 
a few weeks After the port was closed, because of ice, infection 
quickly died out and, in spite of extreme exposure and chilhng dunng 
the winter months, there was no more acute upper respiratory disease 
until the foUowmg summer when commumcation wnth the outside 
world was again established In this community, no significant change 
in the bactenal flora of the upper respiratory tract could be demon- 
strated dunng the winter nhen the common cold was almost unknown, 
and dunng the spnng and summer when colds were most prevalent 

It ivas shown by Kruse, (2) in 1914, that the common cold could be 
commumcated to expenmental subjects by instilling into the nostrils 
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bactena-free filtrates of nasal washings from individuals suffering from 
acute colds This theory that the common cold is due to virus infec- 
tion was received with scepticism, until confirmed and conclusively 
proven to be correct about twelve years later by Dochez and his asso- 
ciates (3) With a long series of carefully controlled experiments on 
chimpanzees and human volunteers, these observers showed that the 
virus initiates infection m the upper respiratory tract and produces its 
own type of disease Furthermore, it seems to make local conditions 
in the nasopharynx favorable for secondary pyogenic infection of the 
surrounding mucous membrane which sometimes extends to the tonsils, 
sinuses, ears or lungs In addition, repeated infections with the virus 
seem to facihtate the distribution of pyogemc bacteria throughout the 
community The number of earners increases and the soil is thus pre- 
pared for outbreaks of respiratory disease m the population at large 
Records of the incidence of the common cold show well-defined peaks 
in the early fall, mid-winter and late spring The number of infections 
sufl5.ciently severe to cause absence from work is much larger during the 
nud-winter and spnng outbreak of colds than dunng the October out- 
break Kneeland and Dawes kept the infant population of a foundhng 
home under observation for several years, studying the character of 
the respiratory infection in each child, its relationship to the common 
pathogenic organisms of the upper respiratory tract, and the changes 
in sensitivity of the skin reactions to products of representative strains 
of respiratory pathogens In the early fall, the number of mdividuals 
giving sigmficantly positive skin reactions to the vanous bacterial 
products was approximately 15% As the winter progressed, the 
positive skin reactions became more frequent, and the intensity of the 
reactions increased, until m the late spnng 85% of the group gave sig- 
nificantly positive skin reactions to the pneumococcus, streptococcus 
and H influenzae The incidence of pathogenic orgamsms found by 
culture varied from time to time Dunng one year, the carrier rate 
for H influenzae was high Dunng the preceding year the earner rate 
of pneumococcus rose to the exceedingly high figure of 95% Through- 
out the period of widespread distnbution of pathogenic orgamsms, 
acute upper respiratory infection was usuaUy severe and there was a 
marked increase m the number of diagnoses of grippe, influenza, pneu- 
monia and their comphcations, and a corresponding decrease in the 
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number of diagnoses of common cold On the other hand, when the 
distnbution of pathogemc orgamsms was relatively limited, as shown 
by daily cultures, the great majority of acute upper respiratory infec- 
tions received the diagnosis of common cold The conclusion seems 
justified that certam epidemics of the severe forms of respiratory infec- 
tion result from the coincidence of an outbreak of the common cold 
with a penod of widespread distribution of well-recognized pathogemc 
organisms of the respiratory tract 

The nasopharynx is the most important portal of entry of infectious 
agents m the upper air passages Pathogemc orgamsms gammg 
entrance to the body by way of the respiratory tract fall into two large 
groups, one of these causes varying degrees of inflammatory reaction 
in the respiratory organs in the early stages of the disease, to be fol- 
lowed later by evidence of disease in organs distant and unrelated to 
the respiratory apparatus Types of such diseases are measles, cerebro- 
spmal memngitis, rheumatic fever, hemorrhagic nephntis and others 
The second large group may be called the true respiratory diseases m 
which the inflammatory process is more or less confined to the respir- 
atory tract Itself 

The common cold virus can be grown by inoculating tissue cultures 
or hvmg chick embryos The cultures are incubated under anaerobic 
conditions at 37° Centigrade, and transfers are made to fresh tissue 
medium every three or four days The virus will not grow under 
aerobic conditions The different generations of virus grown in this 
way have been moculated into human volunteers from time to tune and 
have produced typical colds m over 50% of the individuals moculated 
The common cold virus, in common with aU other viruses, grows only 
in hvmg tissue, it differs from bacteria in that it will not grow on dead 
tissue The virus must enter a hvmg cell before it can multiply and 
cause chnical symptoms The chimpanzee is the only animal known 
to be susceptible to the common cold virus Symptoms usually mani- 
fest themselves from 24 to 48 hours after mtranasal inoculation with the 
virus, both m chimpanzees and human volunteers The first sub- 
jective sjmiptom complained of by the volunteers is a “hot spot” m the 
nasopharynx, nasal obstruction, sneezing and abundant mucous dis- 
charge Virus infection never causes a purulent discharge Then 
follow hyperaemia of the pharynx mucosa and swelhng of lymphoid 
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tissue Secondary bacterial invasion and purulent discharge usually 
come m the later stages of the cold Thevirus, together with the hyper- 
aemia, edema and increased secretion of thick mucus, seems to promote 
and further a pyogenic infection of the ears, smuses and other parts of 
the respiratory tract All evidence suggests that the bactena of the 
upper respiratory tract are of themselves powerless to imtiate infection 
(4) (5) 

We do not know the mechamsm by which the virus enters a cell, but 
we do know that the virus must be m contact with the cell for at least 
30 mmutes before it gams entrance or is able to produce symptoms 
In what part of the upper respiratory tract does the virus find a lodgmg 
place for a sufficient length of time to allow it to enter cells and begm 
to multiply? Why are some children and some adults more susceptible 
to colds than others? The explanation must be largely mechanical 
Certainly it is not due to an acquired or induced immunity to the com- 
mon cold The primary object of aU investigators of the common cold 
has been to find a vaccine, drug or some measure that will prevent or 
protect against colds, and so far all efforts in this direction have been a 
failure Many large studies, carefully conducted with adequate con- 
trols, have shown no real difference in the mcidence of colds followmg 
the use of stock bactenal vaccine, autogenous bacterial vaccme, or 
subcutaneous injections, at weekly intervals, of the common cold virus 
grown in tissue culture and from time to time passed through apes or 
volunteers (5) 

Antibiotics and sulfonamides control the acute bactenal comphca- 
tions of the common cold but have no effect on the virus and wiU not 
prevent recurrences Based on the findings of early investigators 
that chronic respiratory disease of rats on a diet deficient m Vitamin A 
could readily be cured by feeding Vitamin A, large amounts of Vita- 
mins A and later D and B have been given to children, but it was found 
that in general they fared no better m regard to the occurrence of re- 
spiratory disease than do those on an ordinary diet In addition to its 
antirachitic properties, ultraviolet hght has been proposed as an aid to 
general health, and this agent has also been tried as a prophylactic 
measure against colds WeU controUed studies on this subject on a 
large group of college students indicate that regular exposure to ultra- 
violet rays does not dimmish the incidence of colds Expenments on 



TREATMENT OF EPPER RESPIRATORY TRACT DISEASES 395 


college students have also shown that neither hygienic sleeping con- 
ditions, the kind of clothing worn, or an abundance of out-door exercise 
have any appreciable effect in lessening susceptibihty to the common 
cold or increasmg the resistance to respiratory infections (6) 

FoUowmg surgical removal of tonsils and adenoids in children, how- 
ever, otolaryngologists and pediatricians have repeatedly observed a 
marked dinunution and, m some cases for the period of a year, an 
almost complete absence of colds This fact also suggests a mechamcal 
factor m the cause of upper respiratory infections Reports m the 
hterature indicate that there is no statistically significant decrease m 
the mcidence, seventy, and type of upper respiratory infections after 
removal of tonsils and adenoids Such studies, however, have failed 
to take mto account the tendency for l 3 Tnphoid tissue to regenerate 
The mucosa of the posterior and lateral walls of the phaiynx, and es- 
pecially that of the nasopharynx, is nch m lymphoid tissue Indeed 
lymphoid tissue is an integral part of the mucous membrane m these 
regions, and for this reason it is unpossible to remove all of it surgically 
In a group of 1365 school children examined with a nasopharyngoscope, 
755 had had their tonsils and adenoids removed at vanous hospitals in 
Baltimore As a rule, the tonsils had been cleanly removed, and m 
many the oropharynx looked normal, but m more than 75% adenoid 
tissue had recurred m the nasopharynx (7) We have no data regard- 
ing the incidence of colds before and after operation in this group, but 
mention these observations in order to emphasize that recurrence m the 
nasopharynx after operation is not only frequent, but that the regen- 
erated lymphoid tissue usually contains crypts and folds similar to 
those seen in normal adenoids As wdl be shown later, these cr 3 q)ts 
and folds make ideal lodging places for air borne viruses and bacteria 
and are probably of prime importance in the epidemiology of upper 
respiratory infection 

Lymphoid tissue is one of the three important protective mechanisms 
in the upper air passages The other two are 1) the layer of mucus 
that IS constantly being secreted by the nasal mucosa, and 2) cihated 
epithehum that keeps this layer of mucus moving backward mto the 
nasopharynx and phaiynx, where it is joined by sahva from the mouth, 
finally flowing into the esophagus Lymphoid tissue is most abundant 
in the midhne of the nasophaiynx and in the fossa of RoseumuUer, 
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but after surgical removal of adenoids in children nodules of this 
tissue often appear in and around the pharyngeal onfice of the eus- 
tachian tubes, m the choanae near the postenor end of the middle 
turbmates, and on the postenor and lateral surfaces of the vomer 
These facts concernmg the distnbution of lymphoid tissue m the naso- 
pharynx and posterior part of the nose are important for a clear under- 
standmg of recurrmg colds, of certam types of impaired hearmg, attacks 
of suppurative otitis media and mastoiditis, ethmoiditis and chronic 
post-nasal discharge 

We speak loosely of acute tonsiUitis and nasopharyngitis as an in- 
fection of lymphoid tissue, but histologic examination of tonsils and 
adenoids that have been removed soon after an acute infection rarely 
shows an abscess or even any large number of pol 5 nnorphonuclear 
leucocytes or bactena m the lymphoid tissue itself The most prom- 
inent changes are seen in the ciypts, where the linmg epithehum is 
partially or completely destroyed (8) Lymphoid tissue itself is very 
resistant to infection by the common pyogenic bacteria It is often 
invaded and destroyed by the tubercle baciUus, the typhoid bacillus 
and a few other orgamsms The chief functions of lymphoid tissue are 
to protect against pyogemc invasion and to aid m the manufacture of 
antibodies This is probably the reason why there is so much lym- 
phoid tissue m the mucous membrane of the nasopharynx and pharynx 
and m the mtestines, the two areas most exposed to bacterial invasion 

The life cycle of the lymphocyte is short, and Dougherty and White 
have shown that by dissolution they contribute proteid (serum gamma 
globuhn) to the blood and thus help to maintain blood volume This 
normal dissolution process is under adrenal cortical control In 
adrenalectomized ammals, lymphoid tissue throughout the body hyper- 
trophies because the normal dissolution process is slowed or stopped 
On the other hand, injection of adrenal cortical hormone in a normal 
animal accelerates disintegration of lymphoid tissue, and withm an 
hour degenerative changes are seen in germinal center cells, and lym- 
phocytes rapidly disappear from the blood These changes prevent 
replacement of lymphocytes as they are used up, and lymphoid tissue 
throughout the body atrophies Alterations in lymphoid tissue do not 
occur following similar mjections in adrenalectomized animals It is 
probable that infection stunulates the formation of adrenal cortical 
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hormone, which m turn greatly mcreases the disintegration of lympho- 
cytes, thus releasing antibody globulin (9) These facts mtegrate the 
role of lymphocytes and adrenal cortex in the normal and pathological 
physiology of the organism, and clearly indicate that lymphoid tissue 
in the upper air passages, as elsewhere in the body, has a function 
When hypertrophied or infected, therapy should cure the patient and 
prevent recurrence of s 3 Tnptoms, but should be as conservative as 
possible so far as removal or destruction of normal Ijonphoid tissue is 
concerned 

The common cold virus usually is air borne, but before it can produce 
s)rmptoms it must find a lodging place in the upper air passages and 
remain undisturbed by the fiow of mucus and in contact with a cell 
for at least 30 minutes Experimental studies indicate that this length 
of time or more, is necessary for the virus to enter living cells and begin 
to multiply and produce s 3 miptoms Cluneal observations suggest that 
the virus lodges in crypts and crevices m adenoids and m the h)^er- 
plastic nodules of lymphoid tissue that almost mvanably appear in the 
nasopharynx after surgical removal of tonsils and adenoids We have 
repeatedly seen children operated on for recurring upper respiratory 
infections who were entirely free of colds for six months or a year after 
the operation When these patients again begin to have frequent 
colds, examination with a nasophaiyngoscope usually shows nodules of 
l)nmphoid tissue in the nasophar 3 Tix These nodules contain crypts, 
and evidence that these crypts are serving as a portal of entry for the 
virus IS furnished by the marked decrease m the number and severity 
of colds that follows a course of irradiation treatments of the naso- 
pharynx Irradiation (10) acts on germinal center cells (Fig 2), stops 
rmtosis and the formation of new lymphocytes to replace those that 
are constantly being lost by the normal dissolution process — thus 
causing the hyperplastic nodules of lymphoid tissue gradually to shrink 
and disappear, obhteratmg the crypts and leaving in their place smooth, 
normal-looking mucous membrane and no favorable places for the 
virus to lodge and grow m the nasopharynx 

Many careful studies of large groups of individuals have shown that 
streptococcus, pneumococcus or H influenzae may be present in the 
nasopharynx for long periods without signs or symptoms of infection 
These organisms grow in the ciypts and crevices of lymphoid tissue in 
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the nasopharynx as they would m a test tube An acute upper respira- 
tory infection, due to the co mm on cold virus, activates these bacteria 
and possibly increases their virulence This is the probable explana- 
tion for the ear, sinus and bronchial comphcations of a cold These 
bacterial comphcations of a cold can be cured m the acute stage by the 
admmistration of sulfonaimdes and antibiotics It is possible with 
these drugs to clear temporarily the upper air passages of gram positive 
bacteria If the drug treatment is prolonged and mtensive, the gram 
positive pathogens disappear but are replaced with gram negative 
orgamsms, the most common bemg the colon, proteus and Fnedlander 
bacilh These in turn are activated by recurring virus mfections, the 
ear, smus and bronchial comphcations recur but this time with gram 
negative organisms Streptomycin and pemciLhn, either separately 
or m combination, may be essential but certainly are only a part of the 
treatment It is impossible to free permanently the upper air passages 
of bacteria, but if these bactena are relatively harmless until activated 
by virus infections, and the principal area m which the virus lodges and 
begms to grow is the nasopharynx, it is obvious that, m order to lessen 
or obviate virus mfections, we must supplement the drug treatment 
by removing the crypts and crevices in nasopharyngeal lymphoid tissue 
with operation and irradiation 

IRRADIATION OE ADENOIDS 

It IS for these reasons that we urge otolaryngologists to concentrate 
their attention on the nasopharynx If symptoms improve following 
operation or irradiation, we must realize that neither of these measures 
remove all l 3 Tnphoid tissue in the nasopharynx It may regenerate m 
the fossa of RosenmuUer, on the posterior part of the septum and in the 
choanae, and symptoms recur Therefore, the patient should be 
examined with a nasopharyngoscope at least once a year, preferably 
dunng the summer months, and, if necessary, further irradiation given 
to tide him over the winter months In this way we feel sure we can 
prevent in many children impaired hearing due to eustachian tube ob- 
struction or suppurative otitis media, recurring infection of the nasal 
sinuses, and, m selected cases, lessen the seventy and frequency of 
bronchial asthma attacks (11) 

It has long been the custom of the family physician, the pediatncian. 
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school doctors and otolaryngologists to advise removal of tonsils and 
adenoids because they are hypertrophied and interfere with speech and 
nasal breathing, or because the children have repeated upper respira- 
tory infections, with or without some of the pyogemc comphcations 
Of course it is necessary to relieve s 3 miptoms and restore the child to 
health, but we doubt that many of the tonsillectomies now being done 
are necessary or advisable This conclusion is based on the results of 
irradiation of the nasopharynx m the out-patient department of The 
Johns Hopkms Hospital durmg the past ten years 
Up to this time, we had used irradiation therapy almost exclusively 
for the treatment of certam types of impaired hearmg Dunng the 
depression years, precedmg the outbreak of war, the hospital found it 
increasmgly difidcult to furmsh free beds It was then we began to 
treat the nasopharynx with radium for complaints which we previously 
had thought justified operative removal of tonsils and adenoids We 
were forced to treat only the nasopharynx because it is not safe for 
the doctor to hold a radium applicator in his hand and apply it to the 
tonsils or to hyperplastic lymphoid tissue m the pharynx When 
irradiatmg the nasopharynx, the patient hes on a couch and the doctor 
passes the apphcator along the floor of the nose until it is m contact with 
the l 3 miphoid nodules he wishes to remove He then withdraws to a 
safe distance Our previous experiences in treating patients with 
various types of ear disorders had suggested that the nasopharynx is 
the primary seat m most upper air passage infections, but we had not 
expected the beneficial results that soon became apparent m this group 
of ambulant patients Acute infection of the accessory nasal smuses, 
ears, and tonsils can be cured easily with antibiotics or sulfonamides, 
together with local measures that promote drainage, but so long as the 
adenoids with their ciypts and crevices remam, conditions are favor- 
able for subsequent pyogemc infections, imtiated by the common cold 
virus, which again may spread to the ears, sinuses or tonsils As 
patient after patient with recurrent acute attacks and, in some cases, 
with chrome mfection of the ears and smuses got well and remained 
weU under this combmation type of treatment, the number of patients 
treated m the radium chnic of the out-patient department was m- 
creased For several years from 50 to 75 patients have been treated 
each week with results on the average far better than those previously 
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obtained from operation To get good results, however, the patients 
must be carefully selected Usually the first few infections of the 
imddle ear, sinuses, and tonsils do not leave permanent changes m the 
hnmg mucosa or epithelium m the cr 3 ^ts, but after repeated acute m- 
fections irreversible changes occur that mechamcally interfere with 
dramage, and surgery becomes a necessary part of the treatment 

Aside from selection of suitable cases, two other factors contnbute 
to the success of this type of treatment Irradiation m the proper 
amount and at the proper mtervals shrinks lymphoid nodules on the 
posterior part of the septum, m the choanae near the posterior end of 
the middle turbmate, and around the orifice of the eustachian tubes, 
all locations maccessible to surgical removal If the dosage is in- 
creased, all lymphoid tissue m the nasophaiynx can be permanently 
removed, but excessive dosage always is followed by the appearance of 
telangiectases in the mucous membrane and dryness and crust forma- 
tion m the nasopharynx, which are neither necessary nor desirable 
A course of five treatments at two week intervals with the smaller 
dosage, (8 ^ mmutes on each side) with the 50 imlhgram 0 3 mm monel 
metal radium apphcator, or three treatments with the maximum dosage 
of 12 minutes on each side at two week intervals, has the desired effect 
and may be repeated with safety once a year if symptoms recur This 
leads to the second factor that contnbutes to success in controlhng the 
mcidence of colds and their comphcations After every operation or 
irradiation of the nasopharynx, the patient must be followed and ex- 
amined at least once a year for several years, and every effort made to 
keep the upper air passages in good condition, just as the dentist ex- 
amines his patients at regular intervals in order to keep the teeth m 
good condition 

Observations on these dispensary patients, on a large group of school 
children, and on several hundred private patients, confirmed and 
strengthened our impression that removal of infected adenoid tissue 
will prevent recurring colds and their comphcations more effectively 
than any of the measures cited above Often irradiation is all that is 
required, but sometimes the combination of surgical removal, supple- 
mented with antibiotics and irradiation, is necessary to get the best 
results The primary object of our study of school children (7) was 
to determme the relation of hyperplastic lymphoid tissue in and around 
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the onfice of the eustachian tubes to impaired hearmg All children 
were tested mdividually m a sound-proof room with the voice, audiom- 
eter, and tumng forks, and then examined with a nasopharyngoscope 
In those found to have hearmg impairment every effort was made to 
rnaintain the nasopharynx in as near normal condition as possible 
Others who were similarly examined and found to have hypertrophied 
lymphoid tissue but no hearmg impairment were not irradiated and 
served as controls For two years exanunations and tests were made at 
frequent intervals Then followed a penod of four years, durmg the 
war, when they were not seen In 1946 we were able to trace and 
re-examine 600 of the original 1365 children This group contained 
both controls and treated cases The hearmg was found to be im- 
proved, with return of threshold acmty for aU tones to normal or near 
normal in somewhat more than half of the treated children, who had 
had a 25 to 35 decibel loss for all tones In 1939, when first seen, most 
of these 600 children gave a history of frequent colds When ques- 
tioned m 1946 regarding their susceptibility to colds and sore throats, 
the terms “rarely”, “never”, “once a year”, “two years since the last 
one”, “mild when I have one now”, “they last only a few days”, etc 
were used far more often by those m the treated group than by those 
in the control group who had had no treatment 
If nodules of lymphoid tissue are seen m the fossa of RosenmuUer, 
m the choanae and on the posterior part of the septum, the patient’s 
history almost invanably indicates that upper respiratory infections 
are frequent, often with ear, sinus or other complications On the 
contrary, if no lymphoid tissue is seen m these locations, colds are 
usually infrequent, mild, and rarely cause loss of time from work or 
school Examination with a nasopharyngoscope is necessary in 
order to visualize these areas It is not the size but the location and 
contour of lymphoid tissue that is important L 3 unphoid tissue in 
these critical areas is maccessible to surgical removal The presence of 
a small mass of adenoids m the midlme of the nasophar 3 mx has but httle 
effect on the mcidence of colds The important areas are the choanae 
and the lateral walls of the nasopharynx Nasopharyngoscopic ex- 
amination of a patient with a coryza or sinus infection shows a stream 
of discharge flowmg from the choanae mto the fossa of RosenmuUer, 
not mto the midhne of the nasopharynx (Fig 1) If this is the 
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normal pathway of the flow of mucus from the nose mto the naso- 
pha^, It IS easy to understand how the virus finds a lodging place 
m the crypts of lymphoid tissue m these areas, why colds recur when 



Fig 1 Drawing showing anatomical relationships of the nasopharynx 


hyperplastic nodules appear m these areas after removal of tonsils and 
adenoids, and why colds become less frequent or entirely cease if 
lymphoid tissue in these areas is kept down with irradiation 
The tonsils and adenoids should be removed surgically if the patient 
has repeated attacks of tonsilhtis Hyperplastic nodules of lymphoid 
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tissue, which often appear on the posterior and lateral walls of the 
phaiynx after this operation, may also have to be removed surgically 
if they become chronically mfected, espeaally if the patient has a severe 
cough and asthmatic bronchitis foUowmg every cold The mere 
presence of a “granular pharyngitis” however does not always demand 
operation, cauterization, or other forms of local treatment Often 
the symptoms may be greatly improved or entirely cured m these cases 
by irradiation of the nasopharynx alone If symptoms recur, a second 
or third course of irradiation may be given with safety, provided the 
proper dosage and mtervals between courses are observed Irradiation 
of the nasopharynx may thus be used to tide a child over a difficult 
period Antibiotics are used to cure the acute manifestations, but 
irradiation is used to remove the underl 3 rmg cause of upper air passage 
infections The combmation prevents recurrences and thus aids in 
obta inin g a permanent cure 

The impression we wish to convey m this pubhcation is that irradia- 
tion of the nasophar 3 mx with a radium apphcator is no panacea, but 
in selected cases it is an mvaluable therapeutic measure Anyone who 
has had a series of common cold infections knows that they do not 
always begm with a nasopharyngitis Sometimes the virus gains 
entrance through the nasal mucosa, injures cell membranes, and thus 
prepares the way for secondary bacterial invasion There is abundant 
evidence, however, that the more severe types, with complications, 
begm in the nasopharynx The acute symptoms can be controlled with 
anti-bacterial drugs, but to prevent recurrent infections and the possi- 
bility of permanent mjury to ear and sinus mucosa, hyperplastic 
nodules of l 5 rmphoid tissue in the fossa of RosenmuUer, m the choanae, 
on the posterior and lateral surfaces of the vomer, and in and around 
the orifice of the eustachian tubes must be searched for and irradi- 
ated — not excessively, but enough to keep them small and as free as 
possible from infection 

Before discussmg the technique of irradiation with the nasopharjm- 
geal radium apphcator it is profitable to review some of the general 
factors in irradiation therapy (12) 

X-rays and gamma rays of radium, rays of ordmary visible hght, 
ultra-violet and infra-red rays, as well as radio waves, are similar in 
many respects They aU. have the same speed, 186,000 miles per 



404 


D F PROCTOR, L M POLVOGT AND S J CROWE 


second They have no electncal charge They can be polanzed, re- 
flected and diffracted The only difference is their frequency or wave 
length The shortest wave lengths are obtained from the gamma 
waves of radium and from extremely high voltage x-ray There is a 
direct relationship between wave length and energy, the shorter the 
wave length, the greater the energy, i e , the penetrating power 

Beta rays vary greatly as to speed Some closely approach that of 
hght Approximately 93 per cent of the beta ray output of an applica- 
tor is absorbed by one centimeter of tissue For this reason beta rays 
are valuable m treating many superficial conditions on the skin, in the 
nasopharynx, and the eye A different t 5 q)e of apphcator (screen), 
however, is used m each of these locations The 0 3 mm monel metal 
radium apphcator is designed for the treatment of hyperplastic lym- 
phoid tissue in the nasopharynx, and is not suitable for the treatment 
of mahgnant growths in the nasopharynx or nose, or bemgn lesions of 
the skin or conjunctiva 

When high penetration is desired it is very important to remove by 
filtration aU beta rays Gamma rays from radium have a capacity of 
penetrating tissues (many pass entirely through the body) and great 
thicknesses of very dense metals, for example, a small percentage of 
these rays pass through 12 inches of lead It is for this reason that 
oflS.ce personnel should not sit day after day at a desk in close proximity 
to a radium applicator, even though it is in its lead container Always 
remember that distance affords the greatest protection for the doctor 
and his helpers 

The rays from radon and radium are identical Irradiation may be 
so weak that no demonstrable changes in cells or tissues can be ob- 
served It may be so strong that all cells and tissues it strikes may be 
completely destroyed Therapeutic irradiation lies between these two 
extremes What a metal filter does is to remove the longer wave 
lengths completely It is obvious that this reduces the quantity of 
rays, but increases the penetration, due to the fact that the average 
wave length is shorter Some of the rays pass through the body un- 
changed, these have no biological effect It is practically certain that 
the rays which are absorbed, whether in whole or m part, produce ions 
and that these ions cause the biological changes in tissues Both 
clmical and experimental observations indicate that irradiation is 
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always an injurious agent and never a direct stimulant It is true that 
radiation, which is not lethal and the recovery rapid, may be followed 
by overactivity in growth, but this is not peculiar to irradiation since 
it often follows other types of injury The effects are quite different 
as the time of e\posure is varied A given amount of irradiation, de- 
livered in a few minutes, may produce a violent reaction on the skin 
or mucous membrane, whereas if the same amount be given in a period 
of a month, no reaction will occur It is certain that it is much better 
to treat nasopharyngeal lymphoid tissue with three or four doses (just 
short of the irritating or destructive level), at intervals of two weeks, 
than by a single massive dose 

The changes, both gross and microscopic, which take place in cells 
and tissues after irradiation, are not specific and are observed following 
various other injuries Following irradiation, the first changes are 
seen in the nucleus of the cells (Fig 2) Mitosis and cell division are 
brought to a halt The protoplasm of the ceU body soon becomes 
granular With the ideal irradiation the cell is not destroyed, even 
cell life IS not shortened, but reproduction is prevented We should 
strive to get this effect m treating the nasopharynx 

There are great variations in radiosensitivity between different cells 
and tissues, and indeed individual cells of the same type vary greatly 
Moderate irradiation may destroy half or more of the cells of a given 
tissue, but to destroy every ceU may require four or five times the 
amount of radiation There is evidence that tissue m the naso- 
pharynx, as elsewhere in the bodjq plays a role in antibody produc- 
tion and IS to be preserved so far as possible There is also evidence 
that recurring infections of tonsils and adenoids are due in part to the 
crypts and crevices in which viruses gain entrance and bacteria lodge 
and grow If the contour can be sufficiently changed to flatten out 
these recesses with operation or irradiation, and at the same time pre- 
serve as much lymphoid tissue as possible, infections often become less 
frequent and less severe and the end result is more ideal than that which 
follows total removal or destruction of all lymphoid tissue 

The “latent period” is the term applied to the time that elapses after 
irradiation before definite local reaction changes can be seen The 
length of the latent period varies inversely with the intensity of the 
irradiation In the skin, slight erythema may occur as late as three 
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Fig 2 Irradiation of the nasopharynx with the dosage used does not cause an 
immediate change in the gross or microscopic appearance of an}^ of its tissues 
Sections of adenoids removed 10 minutes after irradiation (a) cannot be told from 
sections of untreated adenoids When removed, 24 hours after irradiation the 
germinal centers of the lymphoid nodules show a marked degree of fragmentation 
of the rapidly multiplying cells (b) All other tissues, including the vascular 
endothelium, are normal in appearance Magnification of 450 diameter 
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weeks after mild radiation, whereas with very mtense radiation it may 
develop in a few hours These changes mvolve both the nucleus and 
the cell body Physiologic changes are more difiBcult to evaluate, but 
a defimte change m metabolism, mcreased permeabihty of ceU mem- 
branes leadmg to edema, and increased acidity are ah common oc- 
currences 

The aim of irradiation treatment always is to cure and not to mjure 
the patient In ophthalmology it is particularly vital not to mjure any 
of the essential structures of the eye upon which vision depends In 
nose and throat work, mjury of bone, cartilage and nerve tissues must 
be avoided, and the dosage is planned so as to reduce to a minimum the 
possibility of such mjunes In otolaryngology and ophthalmology 
the beta ray apphcators are particularly valuable m treatmg superficial 
lesions For the treatment of deep-seated and extensive (malignant) 
lesions such as may occur m the orbit, sinuses, nasopharynx, pharynx, 
tonsils or larynx, x-ray is the best agent In usmg x-ray for this pur- 
pose accurate cross-firmg through small portals is essential Far too 
frequently portals 10 centimeters in diameter are used m treating a 
growth 1 centimeter in diameter This inevitably means over- 
irradiation of the surrounding normal tissues 

The technical details of treatment with beta ray apphcators are 
simple After a short course of instruction any competent ophthalmol- 
ogist or otolaryngologist can safely and effectively use these apphcators 
on his patients The course of mstruction should include training in 
the out-patient department in the diagnosis of the vanous conditions 
that may be benefitted by this type of treatment, and, under super- 
vision, the actual treatment of patients Malignant growths, however, 
should always be treated by the radiologist 
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CLINICAL CONSIDERATIONS 

Lymphoid tissue m the phaiynx and nasopharynx plays an important 
part m both the physiology and pathology of the upper air passages 
It protects against invasion of the body by pyogemc bacteria, but 
affords no protection whatsoever against the co mm on cold virus On 
the contrary, the crypts of l3rmphoid tissue, espeaaUy m the naso- 
pharynx, make an ideal lodging place and portal of entry for this particu- 
lar type of virus The virus damages ceU membranes and opens a 
pathway for bacterial infection, which is directly or indirectly the cause 
of unpaired hearmg, sinus infection and a host of other conditions the 
otolaryngologist is called upon to treat The physician must not be 
satisfied merely to restore the hearmg, reheve the pain or stop the dis- 
charge of acute mfections, especially those m tjbe ears and smuses, but 
following recovery from the acute symptoms a search must be made for 
any abnormality in the nasopharynx and upper air passages that might 
cause a recurrence of the ear or smus comphcations with the next cold 
In other words, every effort must be made to prevent disabihty due to 
imparied hearing, chrome infection of the accessory nasal sinuses and 
bronchiectasis The therapeutic measures available include surgical 
measures and vasoconstrictors to msure adequate dramage, the ad- 
mimstration of sulfonamides or antibiotics to combat the acute infec- 
tion, and surgical operation, irradiation, or both, m an effort to prevent 
recurrence The rationale for this hes in the remarkable ability of the 
mucous membrane in the ears, sinuses and bronchi to return to normal 
after an acute infection, oft-repeated infections, however, lead to 
chrome changes in the hmng mucous membrane of ears and smuses that 
permanently interfere with dramage and necessitate radical surgical 
operation Our expenence indicates that much good can be ac- 
complished by preventive therapy m children, but if impaired heanng. 
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due to intermittent blockage of the eustaclnan tubes, or recurrent sinusi- 
tis IS not corrected and stopped during childhood, when most of these 
maladies begin and the changes in the mucous membrane are still 
reversible, there is little hkehhood of curing them in adults 

We began in 1924 to use irradiation with a radon applicator for the 
removal of recurrent lymphoid tissue following adenoidectomy, and 
particularly for displaced nodules of lymphoid tissue in and around 
the pharyngeal orifice of the eustachian tubes that often lead to im- 
paired hearing These treatments proved so effective and so simple 
and safe that we have used this type of therapy in selected cases with 
increasing confidence and satisfaction for 24 years The late Dr 
Curtis F Burnam, one of the outstanding authorities on the physics of 
radium and its clinical uses, was from the beginning the radiological 
consultant for this work He has been responsible for aU decisions as 
to dosage, t3T5e of filtration, and construction of applicators (1) 
During this period applicators with various types of filtration have been 
used — gold, brass, aluminum and monel metal Determination of the 
proper dosage for these various t3^es of applicators (i e the number of 
minutes the applicator must remain m contact with the tissue being 
treated) was of the utmost importance to insure safety and effective 
results The dosage we used was not established by mathematical 
calculations, but by determining the erythema dose of the applicator 
for buccal mucous membrane Less than half the erythema dose has 
always been used in treating nasopharyngeal lymphoid tissue The 
clinical results have been satisfactory with this dosage, no complica- 
tions have arisen, and we are certain that a larger dose is neither neces- 
sary nor desirable 

For many years the interval between treatments was one month and 
most patients were given three treatments of 2 to 2 2 gram minutes 
through 1 mm of brass Only m exceptional cases were more than 
three treatments given m one year, and then only after consultation 
with an expert radiologist During the war years, when it became 
necessary to speed up the treatments, the interval between each treat- 
ment was reduced to three weeks and later to two weeks These 
changes were based on observations with the nasophaiymgoscope of the 
reaction following each treatment and hov long it persisted These 
observations were made on several hundred patients 
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As the value of nasopharyngeal irradiation, in the treatment of vari- 
ous conditions that arise from h 3 rperplastic or infected lymphoid tissue, 
became more and more apparent, inquiries began to come from those 
engaged in Public Health work among children m rural districts about 
the possibility of substituting nasopharyngeal irradiation in selected 
cases for surgical removal of tonsils and adenoids These inquiries 
and the demands of the Army Air Forces and Submarine Training 
School during the early days of the war for some simple way to remove 
l 5 Tnphoid nodules m and around the pharyngeal orifice of the eustach- 
lan tubes, m an effort to prevent aerotitis, led to the development of the 
50 mg radium apphcator, screened with 0 3mm of monel metal 
(Fig 3) This apphcator utilizes to the full the large beta ray out-put 
that IS made possible by the monel metal screen Only rays that are 
absorbed by cells are of therapeutic value, those that pass through the 



Fig 3 Photograph of the Monel Metal Radium Apphcator 

body are of no value in treatment Practically all beta rays are ab- 
sorbed in the first 10 m m of tissue, and since nasopharyngeal lymph- 
oid tissue IS superficial, the 50 mg 0 3mm monel metal applicator 
IS a satisfactory therapeutic instrument for this area Gamma rays 
penetrate to great distances and, like high voltage x-rays, are used to 
treat deep-seated mahgnant growths If platinum or gold replaced 
monel metal as a screen on the 50 mg radium apphcator, the time of 
each treatment would be greatly prolonged — ^from 12 minutes on each 
side of the nasopharynx for the monel apphcator to well over an hour 
on each side of the nasopharynx for the platinum or gold screen A 
1mm aluminum filter allows the passage of a larger percentage of 
beta rays than do any of the other metals we have tried, but it is less 
durable and dependable than monel metal The applicator becomes 
practically inert, if even a tiny hole appears m the wall of the radium- 
containmg chamber The radium-contammg chamber must be her- 
metically sealed, since the first by-product of radium dissolution is 
radon, and therapeutic beta and gamma rays are formed only from 
radon It is evident that if the radon escapes from the radium-con- 
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taming chamber, no beta and gamma ia)^s will be generated within 
the applicator and it will be useless 
The present applicator has a radioactive lengtli of 15 mm , thus 
covering the area from a point just anterior to the tubal orifice back to 
the fossa of Rosenmuller with the applicator in one position 
At first, the dosage time for the 0 3mm monel metal 50 mg radium 
sulphate applicator was exactly comparable to that of the 50 me radon 
applicator with the same type and thickness of screen, but later it was 
learned that the radium salt itself acted as an additional filter and the 
dosage time had to be adjusted accordingly At present, the technique 
of treatment with this appheator is as follows 

1 The applicators are stored m a cylindrical lead block with 3 
inches (7 5 cm) of lead on all sides 



Fig 4 Nasopharyngoscopic photographs showing appearance of normal tubal 
orifice and tubal orifice partially overgroun nith adenoid tissue 

2 The nose and nasopharynx have been previously examined with a 
nasopharyngoscope to detenmne the suitability of the patient for 
radiation treatment (Fig 4) 

3 The floor of the nose is anesthetized by the passage of a fine cotton 
appheator moistened with a few drops of 20% cocaine In most in- 
stances this IS unnecessary as the placing of the applicator occasions 
little or no discomfort Local anesthesia is chiefly of value m very 
apprehensive patients or tliose with severe nasal obstructions 

4 With the patient recumbent, one radium appheator is passed into 
the nasopharynx on each side of tlie nose until the end hes against 
(Fig 5) the posterior nasophar 3 mgeal wall m the fossa of Rosenmuller 
(Fig 6) 

5 A timing clock is set for 12 minutes (1 gm 36 sec equivalent) and 
the ph} sician goes to a distance of about 20 feet 
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Fig 6 Photograph of child during treatment with applicator in position 


6 When the alarm rings, both applicators are removed and quickly 
cleansed with some automatic cleaning device and immediately re- 
placed m the lead block The applicators must never be sterilized 
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Y?ith heat Under no condition is the radium-containing capsule ever 
touched TOth the fingers 

7 Two additional treatments are given at intervals of two weeks 

8 Children are followed with penodic exammations at the end of 
SK months, and after that at least once a year The course of treatment 
may be repeated once or twice at mtervals of one year if symptoms 
recur 

This techmque is so sunple that it can be mastered easily by any 
physician and is perfectly safe as long as the rules are stnctly followed 
On the other hand, the selection of cases m need of this treatment must 
be based on careful chmcal judgment, after thorough study of the 
patient’s history and examination of the ears, nose and throat, indud- 
mg nasopharyngoscopic examination 

It IS for this reason that we beheve the treatment is best earned out 
by the otolaryngologist rather than the radiologist 

It IS impossible to eradicate completely the nasopharyngeal lymph- 
oid tissue by surgery, because lymphoid tissue is an integral part of 
the mucous membrane of the nasopharynx This lymphoid tissue is 
exceedingly susceptible to hyperplasia under the stimulus of infection 
or allergy Irradiation offers a simple non-surgical method of reducing 
the size of lymphoid nodules 

Although our first interest in this form of treatment was aroused by 
the dramatic unprovement m heanng which occurred m some children 
foUowmg treatment, our expenences dunng the past 24 years have 
demonstrated its usefulness m selected cases with the foUowmg con- 
ditions 

1 Hearmg impairment thought to be partially or wholly on the 
basis of chrome or recurrent eustachian tube obstruction 

2 Chrome otitis media when the concurrent chrome mastoiditis is 
properly handled 

3 Recurrent acute attacks of otitis media 

4 Recurrent acute attacks of sinusitis 

5 Recurrent acute attacks of pharyngitis or tonsilhtis when the 
infection begins m the nasophaiynx 

6 Recurrent colds m selected cases 

7 Bronchitis secondarj' to upper respiratory infections 

8 Certam patients with brondnal asthma 
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9 Aerotitis (2-5) 

10 In some patients with postnasal discharge, tinmtus, fullness m 
the middle ear, etc 

In all of these conditions, the S 3 rmptom is the primary consideration 
The secondary consideration is whether or not the nasopharyngeal and 
other examinations confirm the suspicion that the primary focus of 
infection is in the nasopharyngeal lymphoid tissue Adenoids are not 
irradiated unless the patient suffers from symptoms thought to be 
attributable to them, nor are patients irradiated for symptoms unless 
there is evidence of the presence of infected adenoid tissue 

If the adenoids are very large they should be removed surgically 
before irradiation If there is chrome tonsilhtis, sinusitis or mastoidi- 
tis these must be treated before or simultaneously with irradiation of 
the adenoid tissue Before leavmg this section, it would be well to 
stress the following essential pomts 

1 In many patients, surgical adenoidectomy alone is not an ade- 
quate answer to the problem of infected adenoids 

2 L 5 miphoid tissue is highly sensitive to irradiation and may be 
satisfactorily reduced by doses which will not harm the surrounding 
tissues 

3 This may be accomplished safely and without comphcations by a 
method which has been used by us for a quarter of a century 

4 In order to determine those who are in need of therapy, nothmg 
can substitute for careful examination of the nasopharynx with the 
nasopharyngoscope 

5 Radium therapy of any kind is potentially dangerous, and if one 
is to avoid all nsk to the patient the above rules as to dosage, number 
of treatments and repetition of treatments must be strictly followed 

RESULTS 

It has never been feasible to study an adequate series of controls, 
because the efficacy of the therapy was apparent in some conditions 
from the beginmng As a result, any evaluation of the usefulness of 
irradiation therapy, in alleviating such chmeal conditions as those 
described above, must be based on a comparison with the course of 
similar patients prior to the introduction of irradiation therapy 

It IS well known that adenoid tissue commonly recurs following 
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adenoidectomy and necessitates repeated surgical removal m some 
children, also that severe heanng impairment m children seldom re- 
gresses spontaneously Otolaryngologists and pediatricians know that 
many children contmue to have repeated upper respiratory infections 
or ear infections m spite of surgical removal of tonsils and adenoids 
Irradiation therapy changes the clmical picture after operation for most 
of these children 

One of the authors (Dr Polvogt) recently reviewed 835 of his pnvate 
patients who received irradiation therapy, often combmed with opera- 
tion, sulfonamides or antibiotics, and who have been followed for at 
least years, many for 10 to 15 years He found that 

Of 128 patients treated because of frequent severe colds 40 per cent showed marked 
improvement 

Of 110 patients suSermg from postnasal discharge due to nasopharyngeal infection, 
excludmg Thomwald’s disease, 25 per cent had complete rehef from this symp- 
tom and 75 per cent were improved 

Of 282 patients suffermg from impaired hearing thought to be attributable to ob- 
structed eustachian tubes, 85 per cent had a great and lastmg improvement in 
hearing 

Of 122 patients suffermg from a variety of complamts thought to be attributable 
to a focus of infection m the nasopharynx and m whom no other focus could be 
found, 90 per cent were improved 

Of 87 patients suffering from partial nasal obstruction due to adenoid tissue, 90 
per cent \\ ere completely relieved and the other 10 per cent were improved 
(When there is a large amount of adenoid tssue, irradiation always should be pre- 
ceded by surgery There is no pomt m usmg large doses of irradiation to treat 
masses of adenoids when surgery will elimmate most of the tissue Irradiation 
should be reserved for treatment of small nodules of lymphoid tissue maccessible 
to surgery' ) 

Of 97 patients complammg of tinnitus, only 3 had relief from this symptom, and of 
9 patients complammg only of fullness m the ears, 8 of the group were relieved 

Although well over a thousand apphcators are now m use in this 
country, to our knowledge not a single physician usmg them has re- 
ported unsatisfactory results 

The reader will obtam a cross section of opimon of vanous physicians 
who have used this mode of therapy by refemng to the chmcal reports 
hsted m the bibhography (6-10) 
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PREVENTION OF DEAFNESS IN CHILDREN 

During the last five years, an extensive trial of irradiation therapy 
has been made m connection with Pubhc Health Chmcs for the Pre- 
vention of Deafness in Children (especially the Washington County 
Chnic at Hagerstown, Maryland) (12-14) The chnic organization 
IS as follows 

The chnic is organized as an ear, nose and throat consultation dime 
under the auspices of the Department of Pubhc Health One full-day 
session every two weeks is suflicient to handle the problems of a popula- 
tion lof approximately 75,000 people An orientation period prior to 

SCREENING OF 3rd AND 6th GRADES 

WASHINGTON COUNTY. MARYLAND 


SCHOOL YEAR 

CHILDREN 

SCREENED 

DEGREE OF HEARING IMPAIRMENT 

SEVEfiE *^°sevEBe'’^ MOOEBATE SLIGHT 

raTOTAL 

IMPAIRED 

1944-1945 

1616 

25 

44 

24 

57 

22 

10 5 

1945-1946 

3118 

10 

8 

32 

45 

17 

3 6 

1946-1947 

2881 

10 

19 

19 

17 

7 

2 5 

total 

7615 

45 

71 

75 

119 

46 

3 4 


Fig 7 Data on screening program Washington County, Maryland 


the opemng of the chnic famihanzed the local physicians, school 
personnel and general population with the aims of the chnic Patients 
in need of treatment are discovered by testmg the heanng once a year 
of every child in the 3rd and 6th grades (Fig 7), by referrals from pn- 
vate physicians, teachers, and pubhc health nurses, who take into ac- 
count speech defects and the frequency of ear or upper respiratoiy in- 
fections, as well as direct evidence of impaired hearmg At the dime, 
complete hearing and ear, nose and throat exammations are made 
Simple local therapy and irradiation of the nasopharynx are earned out 
at the dime When operation, antibiotics or frequent local treatment 
is necessary in addition to irradiation, patients are referred to local 
physicians or to the nearest medical teachmg center An essential part 
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of tthe program is the follow-up by Pubhc Health nurses All patients 
are studied over a number of years Those with irreversible heanng 
impairments receive adequate help m speech and heanng rehabditation 
and, where mdicated, properly fitted heanng aids As yet, this part of 
our program is still in a developmental stage 
At the Hagerstown Chmc well over a thousand patients have been 
seen dunng the past five years The results hsted below are from a 
statistical study of the records of 400 of these patients who were 
treated with radium From our expenence, we feel it is safe to say that 
such'Ichmcs are practical and useful They provide an opportunity to 
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Fig 8 Chart shovnng given amounts of adenoid tissue before and after treatment 


be of major assistance in the most common senous problems of child- 
hood, 1 e , ear and upper respiratory infections and hearmg impair- 
ment All commumties should mstitute such programs as soon as 
adequate physicians, Pubhc Health and cluneal faahties are available 
One of ithe major advantages of radium therapy is its simphcity Not 
only isjthe patient ambulatory, but only a few mmutes are required for 
the treatment and there is no discomfort or danger for the patient if the 
physiaan uses small doses at the proper mtervals Study of 400 
patients treated at the Hagerstown Chmc with radium is analyzed m 
the accompanymg charts (Figs 8, 9, 10, 11, 12) Patients were treated 
with radium because of heanng impairment, recurrent respiratory or 
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ear infections or bronchial asthma In most mstances the last exam- 
ination was about a year after completion of therapy, but jin a few 
instances treatment has not yet been completed 

EUSTACHIAN ORIFICES BEFORE AND AF1ER TREATMENT 



Fig 9 Chart showing given degree of interference with eustachian orifices 
before and after treatment 


HEAftWC AT 
riRST TEST 

norma;. 


SLIGHTLY 

IMPAIRED 


MODERATELY 

IMPAIRED 


SEVERELY 

IMPAIRED 


EHTIRE 

CROUP 


Fig 10 


HEARING AT 


LAST TEST 


WORSE 
NO CHANCE 
IMPROVED 

WORSE 
NO CHANGE 
IMPROVED 

WORSE 
NO CHANGE 
IMPROVED 

WORSE 
NO CHANGE 
IMPROVED 

WORSE 
NO CHANGE 
IMPROVED 



Chart showmg given changes m hearing before and after treatment 


The change in the appearance of the adenoids and tubal orifices after 
radium therapy is clearly shown 
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The number of children whose heanng improved followmg irradia- 
tion amounts to nearly half of the group with impaired heanng 
Figure 12 shows the improvement in symptoms followmg treatment. 


0 .- 51 ? an. - 512 fii 92 __5i2 jaa? _5ui sm _si2 — aai© 




Fig 1 1 Audiograms showing improvement m heanng after radium treatment. 
The lower Ime of each chart represents heanng before treatment 


eOHSiTHSN CONDITIOH I BLOCK-Z WTIENTS 



Fig 12 Patients with mfections of the upper respiratory tract, asthma, and 
infections of the cars who showed gi%en results 

Ail of these patients were followed through at least one winter after 
completion of therapy 

Simple local chemotherapy to the nose and ears was also employed in 
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&ese patients Surgical removal of lymphoid tissue was earned out m 
71 patients durmg the penod of observation In 191 patients lymph- 
oid tissue had been removed surgically pnor to their first visit to the 
dime 

The effect of irradiation on bronchial asthma m children has been 
difiicult to evaluate from the begmnmg In an attempt to eradicate all 


41 PATIENTS WITH 

WELL 

13 

(32%) 

BRONCHIAL ASTHMA 

BETTER 

21 

(51%) 

(AVERAGE FOLLOW-UP OF 35 

MONTHS) 

NO BETTER 

7 

(17%) 



(54« 

WELL 


9 

MILO ASTHMA 

22 

BETTER 


8 




NO BETTER 


5 



(27%) 

WELL 


3 

MODERATE ASTHMA 

il 

BETTER 


6 



NO BETTER 


2 

MODERATELY 
SEVERE ASTHMA 

1 

(2%) 

WELL 

BETTER 

NO BETTER 


0 

1 

0 



(15%) 

WELL 


1 

SEVERE ASTHMA 

6 

BETTER 


5 




NO BETTER 


0 

VERY SEVERE 
ASTHMA 

1 

(2%) 

WELL 

BETTER 

NO BETTER 


0 

I 

0 


Fig 13 Changes in asthmatic patients following irradiation therapy 

possible upper respiratory tract infections in the presence of bronchial 
asthma, thought to be on an infectious basis, irradiation was first tned 
on an asthmatic about six years ago The dramatic improvement m 
this child, and in several of the others treated since that time, led to a 
feehng that there might be a basic relationship between infected 
adenoid tissue and certain types of bronchial asthma Careful con- 
sideration of other factors has forced us to conclude that in asthma, as 
in the other conditions described above, irradiation of the nasopharynx 
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IMPAIRMENT THOUGHT TO 
BE ATTRIBUTABLE TO 

NO PATIENTS 

% OF TOTAL 

UPPER RESPIRATORY AND 

EAR INFECTIONS 

551 

83 

UNKNOWN 

64 

10 

CONGENITAL 

15 

2 

NERVE DEGENERATION 

14 

2 

STENOSIS EXTERNAL EAR 

7 

1 

MENINGITIS, ETC 

6 

0 9 

OTOSCLEROSIS 

4 

0 6 

TRAUMA 

2 

05 


Fig 14 Chart sho^\lng estimated etiology of hearing impairments (patients 
seen m Washington County Clmic) 


APPROXIMATE LEVEL 

IN BEST EAR, PURE 
TONE AUDIOMETRY 

% OF TOTAL PATIENTS 

FIRST AUDIO 

WHEN LAST SEEN 

0-20 DECIBEL LOSS 

28 6 

63 0 

25-30 

48 9 

20 3 

35-50 

17 1 

6 5 

55 OR MORE 

3 4 

3 5 

TOTAL LOSS 

0 7 

07 

LOSS ONLY ON 8192 

OR ABOVE 

1 3 

6 0 


Fig 15 Hearmg of patients seen at the Washington County Clinic at initial 
test and when last seen (best ear) 

must be considered as an auxiliaty, even though a umquety helpful 
auviharv , to other forms of treatment Infected adenoid tissue is an 
important factor in bronchial asthma, when on an infectious basis, but 
all otlier contnbutor^ causes must be given due consideration and care 
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Of 41 children with bronchial asthma (Fig 13) treated with irradia- 
tion of the nasopharynx, the average follow-up was 35 months (nearly 
3 years) In most of these patients desensitization therapy and other 
standard measures had been tned, but in the majority of these children 
no improvement had occurred pnor to the mstitution of irradiation 
therapy 

22 had only mild asthma, 11 had moderate asthma, 1 patient had 
moderately severe asthma 

Of the entire group, 13 or 32 per cent were well when last seen 
21 or 51 per cent were definitely improved 
7 or 17 per cent had shown no improvement 

A6E AND SEX DISTRIBUTION 


MALE 

fem£ 


miiUHinniNiHHiiuHim 



Fig 16 Sex and age distribution of patients seen at the Washington County Clmic 

It IS interesting to note that more than 83 per cent of aU patients seen 
in this clinic because of hearing impairment had otitis or upper respira- 
tory infections thought to account for the hearing impairment (Fig 
14) At the last statistical analysis of this group, carried out during 
1947, a comparison was made between the hearing in the better ear 
at the first examination and the hearing in the better ear when the 
patient was last seen (Fig 15) Only 28 6 per cent had normal hearing 
when first seen, but 63 per cent of these children had normal hearing at 
the last examination Most of these patients had completed therapy 
a year or more prior to the survey, but a few are stiU under treatment 
Before treatment was begun, 66 per cent of these patients had a heanng 
impairment ranging from a 20 to 50 decibel loss, at the last examina- 
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one ear other ear 

A — All tones better than 25 All tones better than 25 

B — No three poorer than 20, none poorer No three poorer than 20, none poorer 

than 30, exception 8192 or above than 30, exception 8192 or above 
C — No five poorer than 20, none poorer No five poorer than 20, none poorer 
than 30, exception 8192 or above than 30 
D — At least five or more poorer than 20 No three poorer than 20, none poorer 
or one or two poorer than 30, from than 30, exception 8192 or above 
here up to total or almost total loss 

E — At least five poorer than 20 or one or At least three poorer than 20, maybe 

tv o poorer than 30, from here on up one or tvo poorer than 50, no fi\e 
to total or almost total loss poorer than 30 

r — At least five poorer than 30, majbe Five or more poorer than 30, maj be one 

total or almost total loss or two poorer than 50 

G — At least three poorer than 50, ma} be Three or four poorer than 50 

total or almost total loss 

H — Fix e or more poorer than 50 up to Fi\ c or more poorer than 50 

I — ^Total or ncarh total loss Total or ncarU total loss 

\n attempt to shov changes in hearing folloving thcrapj considering both cars 
Groups defined roughh as abo\e Diagonal stnp contains patients v ho under- 
went no significant dnngc Those to right of diagonal improxed and those to 
left became vorse 
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tion, after the completion of the treatments, only a little over 26 per 
cent of the patients remained i n this group In the veiy severe hearing 
unpairments, such was not the case, 3 4 per cent of the patients were 
in this group when first seen, and 3 5 per cent when last seen The 
charts show the age distribution of these patients (Fig 16) 
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1 / 29 / 4-4 ti/is /46 

Fig 18 L M , MW — 10 First seen with acute otitis media, It Later given 
two irradiations of the nasopharynx — total of 66 gm mmutes Last seen 8/8/47 


A breakdown of 361 patients, takmg into consideration the hearing 
m both ears, shows that only 1 1 patients had any increase in their hear- 
ing impairment (Fig 17) 

In contrast with this, 26 patients, who at the original examination 
were classified as jmoderately severe to very severe impairment in one 
ear and at least [moderate impairment in the other ear, had perfectly 
normal hearing m both ears at the last examination, after the course 
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il/is/4S 10/4/47 JB^rw-ii 

Fig 19 JB,F\V — 11 Chrome otitis media, It Six irradiations of the naso- 
pharjmx — total of 2 54 gm mmutes 'WTien last seen, 1/24/48, dr> ear 
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4 / 8/44 6/s/46 JB^FW-15 

Fig 20 J B , FW^ — 15 Two irradiations of the nasopharynx — total of 66 
gm mmutes Last seen 7/26/47 


425 





y<s/45 - H/15/47 WB^MW-IS 

Fig 21 WB,MW — 15 Chronic otitis media, rt 5 irradiations of the naso- 
pharynx — total of 1 99 gm mmutes Ear healed when last seen 11/15/47 



-— 7 / 22/43 

Fig 22 B B , FW— 13 Six irradiations of the nasopharynx-total of 2 03 
gm mmutes Last seen 9/28/46 
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of treatments had been completed Examination of the accompanymg 
chart will give further data on this analysis 

It IS important to note that m this group, as m all of the other groups 
under our observation, there has never been any comphcation attnb- 
utable to the radium treatment This work covers five years of study 
and a careful follow up was carried out on nearly every patient 

The changes m heanng are frequently striking enough to excite en- 
thusiasm m both the patient and physician A few such patients are 
illustrated m the figures below (Figures 18, 19, 20, 21, 22) These 
are all children seen and treated m the Hagerstown Chmc 

SUMMARY AND CONCLUSIONS 

1 The nasopharynx is the most vulnerable part of the upper respir- 
tory tract Crypts in nasopharyngeal lymphoid tissue provide the 
most favorable location for the common cold virus and pathogemc bac- 
tena which cause upper respiratory infections and their comphcations 

2 The otolaryngologist, by treatments that reduce the size of the 
lymphoid nodules and the depth of the crypts, can make local condi- 
tions unfavorable to recurrent upper respiratory infections 

3 a) In children, surgical removal of adenoids often is followed by 
recurrence of lymphoid tissue m the nasopharynx and recurrence of 
undesirable symptoms 

b) Nasopharyngoscopic examination shows that h5q)erplastic 
lymphoid nodules are almost mvanably present m the lateral walls of the 
nasopharynx a few months after surgical removal of adenoids m chil- 
dren Recurrent lymphoid tissue in the nasopharynx should always be 
sought for and treated m patients with recumng upper respiratory 
disease, recurring attacks of otitis media, chrome otitis media, recurring 
attacks of sinusitis, or impaired heanng due to chrome interference 
with the function of the eustachian tubes 

4 Adenoid tissue is so sensitive to irradiation that doses, so small as 
to eliminate all possibihty of danger, m most instances are sufficient 
adequately to reduce the size of lymphoid nodules and markedly to 
decrease their tendency towards hyperplasia 

5 Studies of patients so treated have demonstrated that the follow- 
ing results may be expected in the majority of patients 

a Improvement in hearing or cessation of progressive impairment 
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when the symptoms are due to interference with the function of the 
eustachian tubes 

b Marked decrease m the number and severity of upper respira- 
tory infections, including acute infections in the sinuses, ears and tonsils 
c Improvement in many patients, especially children, suffering 
from bronchial asthma, when the asthma is on an infectious basis and 
when other forms of therapy such as desensitization are also employed 
6 Irradiation of adenoid tissue has now been used for 24 years and 
many thousands of patients have been treated In aU this time not a 
single instance of burn or other comphcation due to the use of radium 
has been observed 
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King in 1926 (1), m his study of four cases of coarctation, confirmed 
the clinical findings of Wernicke in 1875 and insisted then, and later 
in 1937 (2), on the presence of arterial pulsations and systolic murmurs 
in the interscapular region for the diagnosis of coarctation 
In 1928, Abbott (3), m her remarkable statistical study of 200 re- 
corded cases with autopsy, did most to elucidate the chnicopathological 
picture of coarctation, and expressed the opinion that an elevation of 
the blood pressure in the arms with a lowered or absent blood pressure 
in the legs was probably the most important single sign of the presence 
of the obstruction m the thoracic aorta 
In 1933, Lewis (4) studied nine cases in great detad and insisted on 
the necessity of taking the femoral pulse, which in those patients is 
always either absent, or weak and delayed Bonnet had emphasized 
this 30 years before (6) He described two important features of the 
radiological silhouette of the heart the increased breadth and density 
of the shadows of the basal vessels whicli is associated with their di- 
latation, and the indistinct shadow of the aortic arch in the left 
oblique position 

More recently, Campbell and Suzman (5) described J a new sign 
elicited by making the patient stoop forward with his arms hanging 
down vertically In this position the collateral arteries m the back 
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’ G D Searle and Company Fellow in Medicine 

^ Fellow in Clinical Medicme, the Rojal Prmce Alfred Hospital, Sydney, Aus- 
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become very prominent and easily visible on ordinary inspection 
Campbell and Suzman insisted, as many have done before, on the radi- 
ological evidence of notching of the ribs as almost pathognomonic of 
coarctation 

Since these studies, the diagnosis of coarctation of aorta of the adult 
type has been made much more frequently during the life of the pa- 
tients afflicted with this congemtal (6) anomaly The statistical pro- 
portion of cases of coarctation of the aorta found at autopsy is 
approximately 1 per 1500 cases (7), being 4 per 10,000 in Lachte’s 
series, 18 per 22,316 in Fawcett’s series, 1 per 4500 m Jafie and Stern- 
berg’s series, 16 per 21,481 in Meixner’s series, 4 per 1,000 in Hansteen’s 
series (cited by Blaclcford (8)), 26 per 19,217 in Evans’ series (9) 

In recent years, cardiovascular surgery has made tremendous 
progress due to a better knowledge of the physiology of the body hemo- 
dynamics, animal experimentation, and improvement in techniques 
Since the pioneer experimental work of Blalock and Park (10), 
Crafoord (11), Gross (12), Blakemore (13), and since the first success- 
ful human case in which the constriction was resected and an end-to- 
end anastomosis was performed by Crafoord of Sweden in October, 
1944, more and more attention and interest have been given to this 
vascular jmalformation and more cases have come to surgery for cor- 
rection ’and’rehef 

The purpose of this study was to determine the renal circulatory 
changes before and after operation and to try to interpret them in the 
light of new experimental concepts of hypertension (14) 

' |The subjects used for this investigation were the first 17 consecutive 
patients who came to the Johns Hopkins Hospital for surgical cor- 
rection of coarctation of the aorta The diagnosis was established by 
a careful and detailed examination, x-rays of the chest, direct brachial 
and femoral artery pressures, and angiocardiograms Fifteen of these 
patients were operated upon, and the diagnosis was confirmed at 
operation 

METHODS 

The glomerular filtration rate was determined either by the inuhn or 
by the thiosulfate clearance It has been shown that both the clear- 
ance of inulin and of thiosulfate given in a single injection, or in an 
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infusion at a constant rate, measure the amount of plasma filtered 
through the glomeruli (15, 16) 

The clearance of para-ammohippuric acid (PAH), or of its acetyl 
derivative para-ammoacetylhippuric acid (PACA), was used to de- 
termine the effective renal plasma flow Newman has shown m dogs 
and men that the PACA clearance, after a single injection, remains 
constant at low plasma concentrations (17) 

For patients 1, 2 and 8 a single injection of PACA and thiosulfate 
was given before and after the operation Single injections of inulm 
were given preoperatively to cases 4, 5 and 15 Otherwise, PAH and 
thiosulfate were given as a priming dose, followed by an infusion main- 
tained at a constant rate of 40 drops/minute The amount given m 
the priming dose and in the infusion was the same m the pre- and post- 
operative studies for the same patient The dosages were calculated 
to maintain a blood level of PAH between 1 to 2 mg % and of thio- 
sulfate between 20 to 30 mg % 

All the tests were done in the mormng, the patient fasting for more 
than 12 hours and lying in bed All the patients were catheterized and 
great care was given to that procedure Only after the return equalled 
the amount of distilled water injected in the bladder through the cath- 
eter was the test begun Four or five blood samples and three to five 
urine specimens of 13 to 20 minutes were taken At the end of each 
period the bladder was washed twice with 20 cc of sterile distiUed water 
and these washings were added to that period 
In each of these experiments, the average of the determinations of 
the renal filtration rate, the renal blood flow (renal plasma flow 

X r~ ) and the filtration fraction were corrected to 1 73 

100 - hematocrit/ 

square meter surface area 

SUBJECTS 

Of these seventeen patients, twelve were males and five were females 
All of them were of the white race The age of the patients is recorded 
m Table 2 Twelve were studied pre- and postoperatively Two died 
during the operation and one a few days later Two were not operated 
upon Of the twelve cases who underwent surgery, ten had a resection 
of the constricted segment of the aorta and an end-to-end anastomosis. 



TABLE 1 

Detatled analysts of thermal function studies and thetr correlation with the age, and the cuff 
arm and leg blood pressure in the 17 patients with coarctation of aorta 

1 I I BEI'OEE OPEEAnOK | APIEE OPEEATION 


|AGEjSA| CufEB P 1^ ^ 

Ui n im 


OS CuffB P ^ 

« (n ;; (i. b t, 

pj B B Anns Legs oi oS Ut 


Males 

1 W B , 23 

442140 

2 C O C, 13 

442408 

3 W D, 18 

424479 

4 C D , 

384376 

5 W R H, 

381615 

6 W H, 

430560 

7 F K, 

441146 

8 D P, 

441762 

9 C S, 

436928 

10 J W , 7 

HLH 
55559 

HAW, 24 

422617 

12 E L W , 12 

422084 


Average 


Females 

13 B C, 

425369 

14 A H, 

388545 

15 D H, 

383369 

16 M O, 

422966 

17 H S, 

440658 


960 0 231 180/88 140/ 90 148 1050 0 245 
846 0 278 

140/80 130/ 90 112 1050 0 164 
94010 203 208/90 140/110 154 1270 0 232 
280 130/70 154/100 103 1220 0 167 
87 152 925 0 279 



139 1060 0 216 
137 2100 0 114 


1 63 150/100 0 111 920 0 215 130/75 88/ 70 171 1130 0 269 


20 

1 63 

150/100 

34 

1 49 

220/180 

22 

1 

1 55 

220/110 

12 

1 40 

130/ 85 

14 

1 76 

195/100 


Average 
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Figure 1 Pre- and post-operative determination of the renal filtration rate, 
the renal blood flow and the filtration fraction in the 12 operated cases 

two (No 4 and No 13) had an anastomosis of the left subdavian 
artery to the distal aorta 

RESULTS 

Table 1 and Figure 1 show the results of the renal filtration rate 
(RFR), the filtration fraction (FF), the renal blood flow (RBF), and 
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of the auscultatory blood pressure m the arms and the legs before and 
after the operation in the twelve cases successfully operated upon and 
in the remaining five who either were not operated upon or died during 
the surgical procedure 

A change in the renal filtration rate, the renal plasma flow and the 
filtration fraction of less than ±10% was not considered significant 
Postoperatively, the renal blood flow and the glomerular filtration rate 
were higher and the filtration fraction tended to decrease as shown in 
Table 2 


TABLE 2 

Changes after Operation 12 Cases 


This table shows the changes in the filtration rate, the renal blood flow, the filtration 
fraction and the arm and leg blood pressure after the operation A change of less than 
10% was not considered of any significance 



INCTtEASE MORE 
THAN 10% 

DECREASE MORE 
THAN 10 % 

NO CHANGE 
LESS THAN 10% 

R Filtration Rate ' 

5 

2 

5 

R Blood Flow 

7 

1 

4 

Filtration Fraction 

4 

6 

2 

Cuff B P 




Arms 




S 

1 

8 

3 

D 

2 

7 

3 

Legs 




S 

12 



D 

12 




DISCUSSION 

The preoperative findings confirm those of Friedman et al (18) who 
first demonstrated a diminution of the renal blood flow in all of their 
SIX cases and the presence of a compensatory efferent arteriolar con- 
striction resulting in a nearly normal filtration rate It is essentially 
the same pattern as shown by Goldring and Chasis (19) m essential 
hypertension The postoperative results also show that m the ma- 
jority of patients the surgical procedure mcreases the renal blood flow 
and relieves the constriction of the efferent artery Thus the filtration 
fraction falls 

After operation, one patient (case 6) showed a decreased renal bloo 
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flow and four patients (cases 1, 3, 8 and 13) showed an insignificant 
change (less than 10%) It is possible that this might be due to the 
fact that these patients were young (between 10 and 25 years of age) 
and that anxiety, their considerable apprehension of the catheteri- 
zation, and their fear of the repeated venipunctures would have been 
sufficient to bring a decrease in the renal blood flow Simth has shown 
in his Lectures on the Kidney a beautiful example of this situation (20) 
m which a hypertensive patient became alarmed m the course of the 
experiment and his renal blood flow dropped 50% 

It IS impossible, even by the careful analysis of our data, to draw a 
defimte conclusion on the nature of the hypertension in most of the 
cases of coarctation (adult type) of the aorta Depending probably on 
the age at which they are seen, these cases can be divided on the basis 
of the chmcal studies of Ehng, Blackford, Abbott and others into three 
groups the normotensive group, the systolic hypertensive group, and 
the systolic-diastohc hypertensive group The first one does not raise 
any problem The systohc hypertension in the second group, (the 
diastohc pressure being within normal limits) is evidently due to the 
mechanical obstruction of the constriction of the aorta and to the in- 
abihty of the large arteries proximal to the coarctation to dilate any 
further to accommodate the quantity of blood ejected from the left 
ventricle at each systole In those cases, normal diastohc pressure in- 
dicates that the peripheral resistance is not increased In many cases 
of coarctation the cardiac index is within normal limits (21, 22), so that 
the systohc pressure in the large arteries of the upper extremities will 
be elevated because of the considerable diminution of the immediate 
vascular area in which the blood is ejected from the left ventricle and 
the inabihty of the large artenes of the upper extremities to distend 
any further Bell (25) states that this situation is in some respect 
similar to aortic stenosis where the obstruction produces left ventncular 
hypertrophy and intra-ventncular hjpertension Another factor may 
also play a part, as illustrated in the Figure 2 showing the follow-up 
of the arm blood pressure in one patient before and after operation 
This patient, because of the presence of severe artenosclerosis with 
calcareous deposits m the aorta, had an anastomosis of the left sub- 
clavian artery to distal aorta as had been done successfully in expen- 
mental animals by Blalock and Park (10) Despite a marked mcrease 
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m renal blood flow after operation, he presented a further elevation m 
systolic pressure three and a half months later 
The hypertension in the systohc-diastohc group (the largest group), 
in which the arm diastolic and the systohc pressure is above normal, 
seems to result from a combination of the factors described above with 
a humoral mechamsm It is possible that a relative renal ischemia or 
a diminished pulse pressure m the kidneys would produce a situation 
analogous to the hypertension produced by the Goldblatt kidney 



Figure 2 This is a follow-up of the cuff arm blood pressure in a patient 
(CD) who, because of severe arteriosclerosis of the aorta, had an anastomosis of 
the left subclavian artery with the aorta distally to the constriction 


There is much indirect evidence to show the peripheral resistance in 
such patients is increased and that this increase is generalized It has 
been shown by Steele (29) that the femoral mean pressure obtained by 
the direct method is frequently elevated Graybiel et al (25) could 
not find any change m the vessels themselves in studying the arterioles 
of the muscles and the skin from the arm and the leg from five cases 
of coarctation The experimental work done on rats by Rytand (26) 
and on dogs by Page (27), Brotchner (28), Steele (29) and Gold- 
blatt (30) seems to indicate that, m animals, the hypertension produced 
in the upper and lower extremities by constncting the aorta above the 
renal arteries is of renal origin 

The present study shows that, in most cases, there is a relationship 
between the renal blood flow and the blood pressure, but the nature of 
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this relationship cannot be determined At any rate, the renal circu- 
latory changes and the hypertension are completely reversible 

CONCLUSION 

Seventeen consecutive patients with coarctation of the aorta of the 
adult type were studied for their renal filtration rate and blood flow 
Twleve of these were also studied postoperatively 
The surgical resection of the constricted segment and the end-to-end 
anastomosis of the aorta resulted m most of the patients m an mcrease 
of Itheir renal blood flow and a decrease m the filtration fraction 
The blood pressure and the renal ischemia in coarctation of the aorta 
can be completely normal after relief of the aortic constriction 

We are deeply indebted to Dr Alfred Blalock and the Department 
of Surgery for the opportumty to study these patients and use their 
records 

Other hemodynamic studies m these patients wiU be reported m the 
Annals of Surgery, by Blalock, Bing and their co-workers 
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Patients with the cyanotic t3rpe of congenital heart disease and in- 
dividuals at high altitude show physiological changes attnbutable to 
a deficiency of pressure at which oxygen is transferred from capillary 
blood to the tissues B arcrof t has advanced the concept that acchmati- 
zation to high altitude consists of a series of adaptations which tend 
to alleviate this deficiency by attempting to restore tissue oxygen pres- 
sure toward normal sea level values This, he suggests, is mainly ac- 
complished by increased pulmonary ventilation, polycythemia, and a 
shift of the oxygen dissociation curve to the left (1) 

In recent studies performed on normal adults in the low pressure 
chamber, Houston and Riley found that their subjects were likewise 
able to raise the oxygen pressure of the tissues toward normal sea level 
values This was accomplished by reducing the difference between the 
oxygen pressure of inspired air and mean capillary blood Increased 
pulmonary ventilation and the shape of the oxyhemoglobin dissociation 
curve were the principal factors in accomphshmg this Additional, but 
less important, mechanisms were cardiac output and the oxygen 
carrying capacity of the blood (2) 

Physiological studies undertaken on patients with the cyanotic type 
of congenital heart disease have shown that in this condition the oxygen 
saturation of peripheral arterial blood is reduced from birth At high 
altitude the lowering of the oxygen saturation in peripheral artenal 
blood IS the result of decreased partial pressure of oxygen m the inspired 

^ This work was supported by grants from the Commonwealth Fund and the 
Carolyn Rose Strauss Foundation 
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air On the other hand, the cause of anoxemia in congenital heart 
disease is a reduction in the effective pulmonary blood flow (3) Re- 
gardless of the imtiatmg factor, the oxygen saturation and the partial 
pressure of oxygen of arterial blood are decreased in normal individuals 
living at reduced barometric pressure and in patients with congenital 
heart disease and cyanosis Thus, the adaptive processes m both con- 
ditions must be directed toward the same goal, the restoration of the 
tissue oxygen pressure to normal The present investigation consists 
in a study of these processes m patients with the cyanotic types of 
congenital heart disease The results of these studies wiU be compared 
with those obtained m individuals exposed to decreased barometric 
pressure 

MEXHOBS 

Tests were performed on a total of 35 patients with tetralogy of 
F allot, studied for diagnostic purposes Reports on the hemodynamics 
of these individuals have been pubhshed in preceding papers (3) The 
methods and calculations pertaining to the present study will be de- 
scribed in the following paragraphs 

The minute volume of ventilation was determined by measuring the 
quantity of expired air collected in a Douglas bag over periods ranging 
from 1| to 3 minutes The oxygen consumed and carbon dioxide pro- 
duced were determined from analysis of this expired air All values 
were corrected to dry volume at standard pressure and temperature 
(STPD) The basal metabolic rate was calculated from the oxygen 
consumption using the diagram of du Bois (4) Alveolar air was calcu- 
lated according to a method previously described (5) The blood pH 
was determined with a Leeds and Northrup shielded glass electrode 
installed in an incubator regulated to a temperature of 38°C In the 
presence of a decrease in pC 02 the carbon dioxide content of serum is 
predominantly in the form of bicarbonate Therefore, the total carbon 
dioxide content of serum rather than the serum bicarbonate was de- 
termined The partial pressure of carbon dioxide in plasma was then 
calculated from the Henderson-Hasselbach equation, using the hne 
chart of Peters and Van Slyke (6) The presence of an intracardiac 
shunt precluded the calculation of effective alveolar gas pressures (7) 
Consequently, alveolar p02 was calculated from the respiratory quo- 
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tient, the carbon dioxide content of alveolar air and the oxygen content 
of alveolar and inspired air, using Barcroft’s formula (8) 

In order to study the oxygen transfer from inspired air to tissue 
capiUanes, it was necessary to determine the partial pressure of oxygen 
in arterial and in mixed venous blood This can be accomplished by 
measuring the pOz of the blood directly (9) or by detenmmng it from 
the oxygen saturation of the blood and the dissociation curve of oxygen 
The latter procedure was adopted smce in anoxeimc individuals the 
values for both artenal and mixed venous blood saturations lie on the 
steeper part of the dissociation curve On this portion of the curve the 
pOj can be determined from the oxygen saturation with a much greater 
degree of accuracy than at the flat upper region However, the use 
of the oxygen dissociation curve for the determination of tensions pre- 
cluded accurate determination of the tensions of oxygen m pulmonary 
vein blood The saturation in that vessel had been found to be above 

95 per cent At this high oxygen saturation the pOa cannot be accu- 
rately determined from the curve The dissociation curve of indi- 
viduals with tetralogy of Fallot was obtained by the “m vivo” method 
of Riley and associates (10) Forty samples were collected from the 
artenal and venous blood of 35 cyanotic individuals (Fig 1) 

In a study of gradients of oxygen pressure from inspired air to capil- 
lary blood, the determination of the oxygen pressure in the latter is of 
particular significance Smce the capillary pressure cannot be deter- 
mined directly and varies with anatomical location of the capillary, 
calculations must be indirect Barcroft’s formula was used 
Mean capillary pOz 

, - , (artenal pOb— mixed venous PO 2 ) ...v 

== mixed venous pUB -f ^ — (11) 

3 

The value thus obtained represents, according to Houston and 
Riley, “the oxygen pressure, which, if it prevailed throughout the entire 
length of all the capillaries of the body, would not alter the quantity 
of oxygen diffusing imder actual physiological conditions ” The nor- 
mal value for artenal pOa was assumed to be 88 mm Hg (saturation 

96 per cent), that of mixed venous blood 39 mm (saturation 74 per 
cent) From these values a normal arteriovenous difference of 49 mm 
(22 per cent oxygen saturation) and a mean capillary pressure of 55 
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mm was calculated Consequently the normal gradient in oxygen 
pressure from arterial to mean capillary blood equalled 33 mm 
Following Barcroft’s example, the transfer of oxygen from inspired 
air to the tissue capillaries was divided into various gradients In nor- 
mal individuals gradients exist between the oxygen tension of inspired 
air and alveolar air (Barcroft’s gradient I), between the oxygen tension 
of alveolar air and arterial blood (Barcroft’s gradient 11), and finally 



oxygen PRESSURe SATURATION POINTS OETERHINEO 
ON ARTERIAL BLOOJ} FROM CASES OF CONGENITAL HEART 
OlSEASE SUPERIMPOSeO ON SrANOAlCD CURVE, 

Fig 1 Grouping of arterial oxygen pressures about a standard dissociation 
curve 

between the oxygen tension of arterial and mean capillary blood (Bar- 
croft’s gradient III) In patients with tetralogy of Fallot, however, the 
presence of an intracardiac right to left shunt introduces an additional 
gradient between the pOs of alveolar air (or, more accurately, the pOz 
of pulmonary vein blood) and of peripheral arterial blood For reasons 
outlined above, however, the partial pressure of oxygen in pulmonary 
vein blood could not be determined with accuracy Therefore, only 
the gradient from alveolar air to peripheral arterial blood was 

calculated 
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In evaluating the factors which determine the pOj gradient between 
arterial and mean capiUary blood (gradient III) it is necessary to com- 
pare this gradient as it exists in the normal at sea level with gradient 
ITT m patients of this series The difference between gradient III in 
the normal and gradient III m the individuals of this series represents 
the total gam in this gradient for these patients This total gain is 
achieved through the properties of hemoglobin, the oxygen carrying 
capacity of the blood, and changes m systemic blood flow In order 
to determine the relative contnbution of each of these factors certain 
calculations are necessary 

A The efect of the dtssoaakon ctirve The normal arteriovenous 
difference in oxygen saturation (22 per cent) was subtracted from the 
arterial oxygen saturation of each mdividual patient A venous satu- 
ration was thus computed The partial pressure of oxygen for the ob- 
served arterial saturation and for the calculated venous saturation was 


then determmed by reference to a standard oxygen dissociation curve 
From these two values the mean capillary p02 was calculated The 
gradient between arterial p 02 and the calculated mean capfllary p 02 
was then obtained by subtraction To obtain the gam m gradient HI 
through the dissociation curve alone, the calculated gradient III was 
subtracted from the normal gradient III 
B The effect of hemoglobin The per cent hemoglobm of each indi- 
vidual patient was calculated according to the formula per cent ob- 

, , observed oxygen capacity vol per cent ^ _ 

served Hgb = ; ^ r X 100 The 

normal oxygen capacity (20 vol per cent) 

arteriovenous oxygen difference for the percentage of observed 

Hgb was then determined accordmg to Barcroft’s formula (11) 

arteriovenous oxygen difference per cent observed Hg = 

normal arteriovenous oxygen difference (22 per cent) X 100 

percentage observed hemoglobm 

This calculated arteriovenous difference m saturation was subtracted 


from the arterial oxygen saturation of each individual patient It was 
then possible to obtam the p 02 of mixed venous blood, the mean capil- 
lary pressure of oxygen, and gradient HI, all with reference to the effect 
of hemoglobm The gam due to increased hemoglobm was then de- 
termmed according to the equation Gam through hemoglobm == 
gradient IH m the normal — (gradient HE calculated for Hgb + gam 
through curve) 
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C The effect of the systeimc blood flow The effect on gradient III 
resulting from changes in the systemic blood flow was calculated ac- 
cording to the formula Effect of systemic blood flow = total gam 

(gam through dissociation curve + gam through hemoglobin) 
Methods involved m the calculation of the systemic flow have been 
described m detail m a preceding pubhcation (12) 

General technique AH blood oxygen and carbon dioxide contents were 
determined by the manometnc method of Van Slyke and NeiU (13) 
The oxygen capacity of blood was obtained by equilibration of 8 cc 
of blood with room air m tonometers of 350 cc capacity The blood 
was collected m syringes under oil and transferred under oil into bottles 
of 20 cc capacity contaimng 2 mgs sodium fluoride and 15 mgs po- 
tassium oxalate The oxygen tension was dete rmin ed by the method 
of Riley et al (9) All gas analyses were performed in the Haldane 
apparatus 

Results and discussion The oxygen dissociation curve of hemoglobin 
Figure 1 demonstrates that the partial pressure of oxygen obtained on 
a senes of 16 patients with tetralogy of FaUot cluster around the stand- 
ard oxygen dissociation curve of hemoglobm As the pH of these 
samples was close to 7 4, the points determmed on the curve express 
the true relationship between the partial pressure of oxygen and the 
oxygen saturation The use of a standard oxygen dissociation curve 
IS therefore valid This observation is at variance with the findings of 
Barcroft on subjects at high altitude He found a shift of the oxygen 
dissociation curve to the left m natives living high m the Andes (11) 
On the other hand, Houston and Riley (2), as well as Keys (14), noticed 
a shift of the oxygen dissociation curve to the right m individuals 
exposed to low oxygen pressures 

Pulmonary ventilation and respiratory gas exchange Table I presents 
the results m the detenmnation of the mmute volume of respiration, 
the oxygen uptake, and the carbon dioxide output In 29 out of 30 
patients the mmute volume of respiration was increased above normal 
In the absence of an mtracardiac shunt an mcrease m respiratory mi- 
nute volume lessens the gradient between the oxygen tension of inspired 
air and capillary blood by reducing the difference between alveolar and 
arterial p02 In mdividuals with tetralogy of Fallot, on the other 
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hand, the effect of hyperventilation is largely offset by the presence of 
the nght to left mtracardiac shunt (Fig 3) 

TABLE I 


NAME 

STTETACE 
ASEA yfl 

LV/inN / 
lis* 

EQ 

CC/lON Oa 
CONS 

CC/iON COj 
OUTFOX 

BMX 

V s 

1 68 

5 5 

89 

241 

218 

+9 

D M 

0 83 

3 6 

87 

95 

85 

-32 

D S 

1 30 

3 4 

83 

138 

117 

-18 

0 J 

1 80 

2 5 

90 

162 

152 

1 -30 

M C 

1 28 

4 1 

88 

161 

143 

-5 

L S 
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‘ Normal at 0° and prevailing atm p = 2 82 


Of special interest is the reduction of the oxygen consumptions and 
consequently of the basal metabohc rate In 28 of 30 patients the 
basal metabohc rate was either markedly reduced or at the lower himt 
of normal In one mdividual (G S ) m whom one pulmonary artery 
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was absent, a value of —45 was determined In two patients of this 
senes (E L , V S ) the basal metabolic rate was positive Thesefindings 
suggest that metabolic adjustments take place which keep the tissue 
oxygen tension at the lowest possible level In contrast, Houston and 
Riley among others have shown that the oxygen consumption of normal 
individuals remained the same at high altitude as at sea level Their 
observation imphes that cellular metabolism remains normal as the 
barometric pressure decreases (2) 

The and hose balance The findings concermng the hydrogen ion 
concentration, the serum carbon dioxide, the partial pressure of carbon 
dioxide, and the serum chlonde of 21 patients are illustrated in Figure 
2 It may be seen that the pH was within normal range The values 
for total carbon dioxide, on the other hand, were significantly reduced 
Since the pH varies directly with the bicarbonate and inversely with 
the pCOa, the reduction m serum carbon dioxide was accompanied by 
a decrease in the pCOz Serum chloride (Fig 2) and blood lactic acid 
values were within normal limits (15) The assumption might be 
ventured that the failure of the pH to rise as the pC02 feU is the result 
of increased elimination of bicarbonate These results contrast with 
those obtained by a series of investigators on normal individuals at 
high altitude Keys, for instance, demonstrated mcreased alkahnity 
of the blood in persons living at altitudes ranging from 4,000 to 12,000 
feet, above this altitude he noticed either no further change or a return 
to values observed at sea level (16) Dill and assoaates found that 
the pH rose as the partial pressure of oxygen in the mspired air de- 
creased (17) Snnilar results were obtained by Houston and Riley in 
the low pressure chamber (2) 

The oxygen transfer system Changes in the oxygen transfer system 
from inspired air to mean capiUary blood are illustrated in Figure 3 
In the patients of this series the average gradient between the pressure 
of oxygen in inspired and alveolar air (gradient I) is 25 mm of Hg 
This represents a gain of 32 mm Hg since m the ^ormal at sea level 
gradient I equals 57 mm At altitudes of 20,000 feet the reduction in 
gradient I is of similar magnitude This reduction in gradient ob- 
served in both conditions is the result of increases in respiratory mmute 

The average drop in p02 from alveolar air to arterial blood (gradient 
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n) m individuals with congenital heart disease equals 57 mm Hg 
(Fig 3) In the normal mdividual at sea level this gradient is 5 mm 
and'at altitudes of 20,000 feet it is 2 mm (2) The large difference 




( — I ; 1 — I 1 — 1 1 — I 1 — I 

I90 90 tOTOiSSlIilOia 10 0 

PERCCNrAtSe SKTVKATIOH 

pH ,CO). AND ELECTKOLYTas KELATED To SATVMTION 

Fig 2 Relationship of pH, COj, electrolytes, and saturation in patients with 
congenital heart disease Shaded areas indicate normal range Serum COj and 
pCOj are decreased proportionately As a result the pH remams withm normal 
range 

in this gradient between the normal and patients with the cyanotic 
type of congemtal heart disease is the result of the intracardiac right 
to left shunt m the latter The shunt lowers the oxygen tension of 
artenal blood and it is because of this that hyperventilation loses its 
effect in the patients of this senes Consequently a diminution of the 
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oxygen gradient between the arterial and mean capillary bloodj(gradi- 
ent III) remains the only means of restoring the [tissue oxygen tension 
toward normal 




OXY6£h/ PHESSOfiE GftADtENTS 


Fig 3 Gradients in the oxygen transfer system from mspired air to capillary 
blood in normal individuals at sea level and at high altitude, and m patients with 
congenital heart disease 

t 

It has been shown that gradient III may be lowered by the integrated 
action of three major factors The first of these is the shape of the 
oxygen dissociation curve of hemoglobin The shape of this curve is 
such that on its steeper portion a given drop in saturation produces a 
much smaller fall in o^gen tension than at its flat upper part This 
fact IS of major miportance in reducing gradient III at high altitude 
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where the points for arterial oxygen saturation he on the steep part of 
the curve 
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The second factor is the increase in the quantity of hemoglobin 
According to Haldane and Pnestley (18), polycythemia maintams the 
oxygen saturation and tension of venous blood at a higher level since 
less ox>'gen is discharged from each individual red cell This raises 
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the mean capillary pressure of oxygen and leads to reduction in gradient 
III However, it has been found that at high altitude the additional 
gam in gradient III due to polycythemia was insignificant (2). 

A rise m cardiac output represents the third factor Increased blood 
flow through the tissues reduces the difference m the arteriovenous 
oxygen saturation and thereby raises the mean capillary pressure of 
oxygen Houston and Riley found an increase in cardiac output dur- 



Fig 4 The role of three factors m decreasing the oxygen pressure gradient 
from arterial to mean capillary blood The gam over the normal is represented 
by the unshaded area m the lower rectangle 

mg the first days of exposure to low barometric pressure (2), and 
Harrison and Blalock demonstrated that anoxia had a sunilar effect 
(19) Most investigators agree, however, that the cardiac output 
returns to normal during the chronic phase of anoxia (20) 

An evaluation of the role played by each of these mechanisms reveals 
that in the patients of this senes the shape of the dissociation curve is 
the most important factor Table II indicates that because of the 
characteristics of the curve alone, the gradient between artenal and 
mean capillary blood equals 9 4 mm , that is, 23 6 mm less than in the 
normal individual at sea level It can be seen from Figure 4 that this 
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factor IS primarily responsible for the reduction in gradient HI The 
second factor, the oxygen capacity of blood, is less sigmficant, the aver- 
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age gam amounting to 2 35 mm Hg (Table HI) It is of importance, 
howc\'er, to bear m mind that the gam from this factor depends to a 
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large extent on that denved from the dissociation curve Table III 
shows that gradient III derived for hemoglobin alone averages 10 mm 


TABLE IV 
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which represents a considerable gam of 23 mm over the gradient III 
of the normal individual at sea level Since, however, the effect of the 
curve has already markedly reduced gradient III, the additional dim- 
inution in the gradient caused by the polycythemia is relatively smaU 
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Similar considerations pertain to the evaluation of the effect of the 
systemic flow on gradient III If the systemic flow is increased above 
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normal, a significant gam from this factor may be expected m patients 
in whom the combined gam from the dissociation curve and the poly- 
cythemia IS small Conversely, a loss from this factor may result in 
patients with small systemic flows in whom the combined gam from the 
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dissociation curve and the polycythemia is large The effect of this 
factor IS further limited, smce the systemic flow in tetralogy of Fallot 
IS controlled by mechanical factors associated with the cardiac mal- 
formation (3) Table IV shows that IS out of 30 patients show a 
shght gam, the rest some loss, in gradient The average effect of this 
factor is zero 

The gains in gradient III are summarized m Table V 

SUMMARY AND CONCLUSIONS 

The adaptive processes to anoxia in patients with congenital heart 
disease have been investigated They have been discussed with refer- 
ence to adaptations of normal mdividuals at high altitude In the 
patients of this senes the anoxemia was the result of the intracardiac 
shunt which increases the gradient of oxygen tension between alveolar 
air and artenal blood On the other hand, m normal mdividuals ex- 
posed to high altitude, anoxemia is the result of decreased oxygen 
pressure in the inspired air 

At reduced barometric pressures, hyperventilation effectively lowers 
the total gradient of p 02 between inspired air and mean capiUary blood 
In the patients of this senes the presence of the intracardiac shunt 
nullified the effect of hyperventilation 

Another major difference was the low oxygen consumption observed 
m patients with congenital heart disease The cause of the decrease 
in the basal metabolic rate is stiU obscure, it is possible, however, that 
it IS the result of metabolic adjustments to prolonged severe anoxemia 
In several patients with tetralogy of Fallot the oxygen consumption 
rose foUowmg the Blalock operation, indicatmg that the reduction of 
the metabolic rate may be reversible (21) 

The adjustment of the acid base balance to anoxemia may be more 
effective in the patients of this series than m normal individuals at 
high altitude In both cases hj^perventilation results in a reduction of 
the partial pressure of carbon dioxide in plasma At reduced baro- 
metric pressure the carbon dioxide deficit is not entirely compensated 
by a decrease m bicarbonate, and as a result the pH is elevated In 
congenital heart disease with cyanosis, on the other hand, the bicar- 
bonate content of plasma was reduced by an equivalent amount and 
the pH was maintained at normal values 
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The pOs gradient from arterial to capillary blood (gradient III) is 
reduced in the patients of this series and m individuals exposed to high 
altitude In both conditions this reduction is mainly the result of the 
shape of the oxygen dissociation curve and to a lesser extent of an 
increase in the oxygen carrymg capacity of the blood The systemic 
flow shows an initial increase in normal individuals exposed to lowered 
barometric pressure and thereby lowers gradient III 
Despite individual variations in the patients of this series, the 
average effect of tlieir systemic flows did not alter the gradient 
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(These reviews represent the individual opinions 
of the reviewers and not necessarily those of the 
members of the Editorial Board of the BuUetm) 

Care and Mamgcment of Laboratory Animals, The Edited by Alastair N Wor- 
den Ulus 368 pp $8 SO The Williams & Wilkins Company, Baltimore, 
1947 

This handbook of the Universities Federation for Animal Welfare is an excellent 
British text which is full of both the everyday useful information, such as how to 
pick up and hold a rabbit or how to house and feed different species of rats, and 
more obscure (to us) information such as anaesthesia of hedgehogs Besides the 
rabbit, guinea pig, several kinds of rats and mice, there are chapters on voles, ham- 
sters, ferrets, pigeons, canaries, amphibia and freshwater fish, each obviously by 
an mdmdual who is actively working wnth the animal in question A separate 
chapter on Law and Practice or The Rights of Laboratory Animals is particularly 
interesting to workers in this country Herein is indicated the much stronger 
hold the anti-vivisectionists have on the use of laboratory animals in England 
than here Laws and regulations, at least on paper, completely control the use 
of animals in research Different classes of animals are established and different 
classes of investigation are permissible In a way this chapter is a renewed warn- 
ing to laboratory workers that the public has a right to insist on the most humane 
type of care of animals and that we must recognize tliat nght 

It IS impossible for one person to review adequately such diversified although 
concisely arranged information, but the reader may note that, although the pub- 
lication date IS 1947, there is little new information on the use of insecticides in the 
chapter on “Pests of the Animal House and their Control” by Buxton and Busvine, 
apparently because this chapter was wntten in 1944 Thus there is nothing on 
Gammexane agamst cockroaches 

There are no chapters on anthropoids, dogs, cats, or poultry, but there are a 
few scattered notes in the last chapter giving good references 

A conspectus of the Elements of Statistical Analysis is included in this book 
with the thought that the appreciation of the value of a statistical approach will 
help the reader to use fewer animals in his experiments No doubt this is a useful 
chapter but stdl seems out of place in a practical handbook 

There is no question but that the excellence of this much needed handbook will 
make it necessary in all laboratories where small animals are used 

F B B 

Identification of Tumors By Nathan Chandler Foot Ulus 397 pp $6 00 
J B LippincoU Co , Philadelplna 1948 
The author’s preface anticipates the reviewers’ comments regarding the dis- 
crepancy between the comprehensive imphcation of the word “identification” 
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and the brief discussion of human tumors as presented The book is offered as a 
ready reference" book on human tumors It is short, "systematically com- 
piled , and affords “an adequate concept of the salient gross and microscopic 
features and the means for diagnosis of the various tumors” The book is written 
with definite objectives To “refresh” the knowledge of physician and surgeons and 
enable them “to glean the essentials without having to sift them out of a mass of 
h^torical and theoretical data, academic discussion, clinical discussion and other 
such material that is regularly found m the few books that deal with the subject of 
new growths” The author ends the preface by the sentence “This will necessi- 
tate a personal, arbitrary and didactic approach which, it is hoped, will be under- 
stood and condoned by the reader” 

An aggressive attempt has been made to realize the ambitious objectives, 
which are developed to a degree sufficient to warrant recommendation of the 
book for the uses indicated by the author 

W B V 

Manual of Pharmacology o«d Its Apphcaliom to Therapeutics and Toxicology, A 
7th edition By Toraid Soilmann 1132 pp $11 SO W B Saunders 
Company, Philadelphia, Pennsylvania, 1948 
The seventh edition of Sollmann’s “A Manual of Pharmacology” brings a 
thorough revision of this important text The far reaching developments of the 
past decade have called into being new sections on such topics as antibiotic sub- 
stances, antithyroid drugs, antimalarials, the sulfonamide compounds, and the 
antihistamine agents This volume represents a most exhaustive and detailed 
compilation of the multitudinous details of drug action, well organized, brought 
up-to-date, presented with discrimination and well documented with references to 
the original literature SoUmann’s Manual represents the most comprehensive 
reference volume to have at hand when confronted with a specific problem regard- 
ing the action of a drug 

M R 


Modern Clinical Psychiatry 3rd edition By Aethor P Noyes 525 pp 
$6 00 W B Saunders Company, Philadelphia, Pennsylvania, 1948 
This latest edition of Dr Noyes' widely read textbook contains three new chap- 


ters on psychotherapy, shock and other physical therapies and child psychiatry 
In discussing psychotherapeutic methods the author stresses the psychobiological 
approach and presents a rather dear account of what is meant by xt Psychoanaly- 
tic methods are adequately described and should acquaint the reader not only with 
their aims but also with some technical aspects of procedure Shock therapies 
are discussed m some detail, however, the author seems fully aware of their hmita- 
tions, pointing out the importance of adequate psychotherapy being available for 
patients receiving such treatment The most useful feature of this book is its 
dynamic orientation and the author’s ability to present dynamic psychiatry m a 
style which can be easily understood by the student The expenenced psychiatrist 
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Will find it stimulating reading and should be able to make ready use of the very 
excellent bibliography at the end of each chapter 

E A 

Noah lFc6sicr Ldlers on Yellow Fever Addressed to Dr Wxlliam Curne 110 
pp $2 00 The Johns Hopkins Press, Baltimore, Maryland, 1947 
Eighteenth century America was peculiarly fortunate m its possession of many 
men whose breadth of interests perplexes the twentieth century specialist Noah 
Webster was typical of his time Not only was he a lexicographer and the author 
of the Amencan Spelling Book, which ran to 60,000,000 copies, but he was, van- 
ously, a lawyer, newspaper editor, statistician, climatologist, economist, and epi- 
demiologist This small volume of Letters on Yellow Fever summarizes some of 
Webster’s epidenuologic views A contagious disease, he wrote, is one which is 
commumcated from person to person either by contact or near approach It must 
be distmgmshed from infectious disease, w'hich requires for its propagation crowd- 
ing, hot weather, close rooms, and so forth, all of which generate an epidemic consti- 
tution to the atmosphere Yellow fever belongs to this latter group of diseases 
It IS useless to quarantine ships from the Indies, since yellow fever is not imported 
but anses locally as the result of an epidemic constitution to the atmosphere 
Moreover, wrote this Federalist, the view that yellow fever is imported is danger- 
ous to our growing commerce The proper protection against yellow fever is care- 
ful plannmg of our cities to combine the best features of country and city 

These interesting letters are preceded by an entertaining introduction by Ben- 
jamin Spector 0 D R 

Practical Clinical Psychiatry By Edward A Strecker, Franklin G Ebadgh 
AND Jack R Ewalt 6th Edition Illus 476 pp $5 00 The Blahston 
Company, Philadelphia, Pennsylvania, 1947 
Although the 6th edition of this popular text has several new chapters, such as 
those on pathologic drinking and psychosomatic medicine, the general onentation 
of its contents is essentially unaltered Wntten primarily for the medical student 
and foUowmg psychobiological pnnciplcs, it should prove useful to the beginner 
to become acquainted with fundamental aspects of psychiatric examination, classi- 
fication, and, to a lesser degree, with those of psychiatric treatment 

The book’s greatest asset is its good organization, and its chief liability is a rela- 
tive lack of dynamic orientation, particularly as regards the psychoses The 
chapter on “Psychosomatic Medicine” is very likely to confuse the reader, being 
ill-defined and creating the impression that physiological expressions of anxiety as 
such constitute “psychosomatic” disease 

The chapter on toxic psychosis is Very complete and well presented The 
problem of alcoholism receives considerable attention in this chapter and also in a 
separate section on “Pathologic Drinking ” 

Dr Kanner’s discussion of childhood problems is essentially identical with the 
corresponding chapter of the preceding editions 
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In addition to its value to the medical student, the text is lihely to serve as a 
ready reference for the busy practitioner who, as a result of its uncomplicated 
presentation of chmcal psychiatry, should have httle difficulty in Kraspinu its 

contents ^ . 

E A 

Stgns and Symptoms Their Clinical Interpretation Edited by Cyril Mitchell 
MacBryde Twenty Contributors Illustrated 439 pages $12 00 J 
B Lippincott Company, Philadelphia, Pennsylvania, 1947 

This IS a valuable book for practitioners, medical students and specialists alike 
The subject matter is dealt with in monographic form Twenty contributors of 
emmence have wntten upon pain, headache, sore tongue and sore mouth, thoracic 
pain, abdominal pain, backache and back pain, joint pain, pain in the extremities, 
fever, disturbances of consciousness and muscle movement, famtmg, dyspnoea, 
cyanosis, dehydration, edema, palpitation and tachycardia, cough, hemoptysis, 
obesity, weight loss and undernutrition, anorexia, nausea and vomiting, constipa- 
tion and diarrhoea, hematemesis and melena, jaundice, itchmg, nervousness and 
fatigue 

The authors approach diagnosis from an analysis of the account the patient 
gives of his symptoms and the signs the exammer finds There are sound discus- 
sions of the fundamental pathologic physiology responsible for signs and symp- 
toms The discussions indicate clearly the lines of special study by clmical and 
laboratory techmques which wdl be likely to enable the investigator to arnve at 
precise diagnoses 

The book is well illustrated both in black and white and in color There are 
numerous charts and tables, and the bibliographies, for the most part, are well 
chosen and complete 

The chapter on headache by Harold G Wolff is unusually well done The 
mechanisms responsible for headaches of all sorts are described Various factors 
which enter into the production of chmcal pictures of which headache is the 
rhipf feature are discussed thoroughly Anyone not entirely familiar with the 
problems of head pam will have a very clear concept of the subject after reading 
this chapter 

The book is enthusiastically recommended B M B 


Submiaroscopic Morphology of Protoplasm and its Derivatives By A Feey-Wyss- 
LiNG Ulus 255 pp $6 00 Elsemer PiMishing Company, Inc, New 
York, New York, 1948 

This first Enghsh edition is really a second edition of “Submikroskopische Mor- 
phologie des Protoplasmas und seiner Derivate”, published m 1938 At that tune 
it was something of a classic summary of the indirect expenmental data mdicatuig 
a definite ordered structure to material below the microscopic level of vision 
Since then a great deal more data, such as that furnished by x-ray patterns aniso- 
tropy of swelhng, and polarization microscope techniques have been apphed to the 
study of fine structure A good summary of this is presented Data yielded y 
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the direct method of electron microscopy are presented bnefly in the text It is 
pointed out that this method cannot be the sole means of asking pertinent ques- 
tions New facts or artifacts seen by the electron microscope must be evaluated 
m relation to all of the other indncct data 

It is too bad, in the light of this, that the few pictures presenting the case for 
study of submicroscopic structure by electron microscopy arc so poor Perhaps 
this reflects the lack of availabihty of such data to European authors during the 
war, and it is to be expected that this will be corrected in a future edition of this 
very worthwhile text 

F B B 

Textbook of Surgery for Nurses By Edwabd S Staptord and Doris Dilier 
Ulus 577 pp $3 25 B Saunders Company, Phtladdphta, Pennsyl- 
vania, 1947 

This IS an excellent text The style is simple and informal and the subject mat- 
ter a tribute to the dignity of the nursing profession The approach is based on 
the conviction that a nurse will give better care to patients if she understands the 
general pathology of a disease and the aims and technics of the surgeon in treating 
them Each important condition is therefore introduced u ith appropriate back- 
ground material, and then the matters pcrtainmg more stnctly to v.ard nursing 
are brought m and their rational basis made clear Tuo-thirds of the book is on 
surgery The remaimng portion is devoted to the special fields of surgety' neuro- 
surgery, ophthalmology, otolaryngology, genito-urinary, and gynecological sur- 
gery There is an abundance of common sense throughout the book based on the 
wide expenence of the two authors Although much of the material is wntten so 
straightforwardly that it would be interesting reading for a layman, the book could 
be recommended strongly to third and fourth year medical students who are about 
to begin their ward apprenticeships It is expected to have a wude field of usefulness 
in the traimng of nurses The illustrations arc numerous and are diagrammatic 
in type 

W E G 

Treatment in General Practice 6th edition By Harry Beckman 1129 pp 
$11 50 W B Saunders Company, Philadelphia, Pennsylvania, 1948 
This new edition of an old favorite textbook lives up in every way to the high 
standards of the previous editions The general pattern of preceding volumes is 
closely followed, but a large amount of revision shows in almost every topic 
Recent advances are well covered The bibliography is large and well chosen, 
as well as up to the minute The style is as engaging as ever, wntten in a personal 
way, amusing and even a trifle saucy, but always quickly moving and rarely bog- 
ging down in argument or disagreements The reader may not agree with every 
detail, but the over-all picture is clear and well presented This edition is highly 
recommended as a textbook or reference source 


J A L,Jr 
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SYMPOSIUM ON THE PHYSIOLOGY OF ACETYLCHOLINE 
I THE ROLE of acetylcholine IN CONDUCTION* 

DAVID NACHMANSOHN 

{From the Deparlmtnt of Neurology, College of Physicians and Surgeons, Columbia 
Vimcrsity, New York) 

INTRODUCTION 

For more than a century neurophysiology was limited to the study 
of the electrical signs of activity, but the necessity for an understanding 
of the underlying chemical mechanism was well recognized by leading 
neurophysiologists The small electnc currents which propagate the 
nerve impulse cannot derive the energy from the stimulus itself, the 
energy must be supphed locally by a “propagated disturbance,” as 
Keith Lucas pointed out (1) Ex^perimental confirmation of this view 
was obtained m 1926, when A V Hill succeeded in measuring the 
heat production and 0 Meyerhof the e\tra ovygen uptake connected 
with nerve activity The difficulty of studying tlie chemical reactions 
directly responsible for the propagation of the impulse is easily under- 
stood if we keep in mind two essential features of conduction (i) the 
high speed, and (ii), the small amount of energy required According 
to A V Hill, the imtial heat production in a frog sciatic per gram per 
impulse is, at room temperature, of the order of magmtude of 1 to 2 
ergs or gram calories The energy released by the oxidation of one 
gram of sugar is equivalent to tlie initial heat of several hundreds of 
billions of impulses per gram nerve The amount of any chemical 
substance metabolized in this primary event is most lilcely of an order 
of magnitude far below the range of our best micromethods Since, 
moreover, these chemical reactions take place in a period of time shorter 
than one thousandth of a second, probably close to one ten-thousandth 
of a second, it is obvious that direct chemical measurements of the 
active substances are at present impossible 

However, stimulated by the pioneer work of O Meyerhof, much 

* Most of the work presented m this paper was supported by grants from the 
Josiah Macy, Jr , Foundation Part of the work was done under contract between 
the Medical Division, Chemical Corps, U S Army and Columbia University 
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valuable information about the chemical mechamsm of another cellular 
fimction, that of muscular contraction, has been obtained during the 
last two decades in a different way, viz , by the study of the enzyme 
systems which catalyze the substances involved It is true that en- 
zyme activities measured tn miro indicate only potential reaction rates 
Such studies can supply, therefore, only indirect information But if 
we succeed in correlating the enz3me activities in the hvmg cell with 
function recorded by physical methods, the result may be as conclusive 
and as direct as that which would be obtained by a similar correlation 
of the substrate metabohzed by the enzyme This kind of approach 
appeared particularly promising for the study of the chemical mecha- 
nism of conduction in view of the high rate and the small quantities of 
substrate metabohzed 

During the last fifty years, two chemical compounds were specifically 
connected with nerve activity adrenahne and acetylchohne Early 
in this century, R T Elhot (2) suggested that adrenahne might be 
released from S3mpathetic nerve endings and act as a chemical mediator 
of the impulse transmitting it from the nerve endings to the effector 
organ This idea made a profound impression on many physiologists 
Especially after the observations of Loewi and Dale, that acetylchohne 
may appear under certain conditions m the perfusion fluid following 
the stimulation of certain nerves, the theory of neurohumoral or 
chemical transmission found many supporters The theory stimulated 
a great number of investigations and many interesting and valuable 
observations resulted from these studies There were, however, 
many difficulties and contradictions, and neurophysiologists became 
increasingly opposed to the idea (Erlanger (3), Fulton (4)) 

During the last twelve years, the enzymes connected with the for- 
mation and hydrolysis of acetylchohne were studied and correlated 
m many ways with the electrical manifestations These investiga- 
tions have shown that the hypothesis of chemical transmission as 
proposed originally has to be modified The release and the removal 
of acetylchohne are intracellular processes occurrmg in the neuronal 
surface and are a necessary link in the chain of reactions which generate 
the small electric currents conducting the impulse The facts on 
which the assumption of a role of acetylchohne in the conduction of 
the nerve impulse has been built have been reviewed (Nachmansohn 
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5-7) In the first part of the lecture, the most important results of 
these investigations may be briefly summarized It may be stressed, 
however, that this paper is hmited to a few aspects pertinent to the 
role of acetylcholine and that other developments important for the 
understanding of conduction cannot be discussed 

I BASIC PACTS IN EAVOR OE A ROLE OE ACETYLCHOLINE IN CONDUCTION 

A Chohnesterasc 

Five essential features of physiological sigmficance emerged from 
the studies on chohnesterase (i) the ubiquity of the enzyme in all 
conductive mechamsms (nerve and muscle) throughout the whole 
animal kingdom The enz 3 Tne is present m the Tnbularia, a hydrozoan 
coelenterate, which possesses the lowest form of neuromuscular tissue 
comparable to that of higher groups of ammals (8) (ii) the exclusive 
localization of this enzyme in the neuronal surface where the bioelectric 
phenomena occur (9) (iii) the extremely high speed at which the 
hydrolysis of acetylchohne by chohnesterase may occur The “turn- 
over number” of this enzyme is about twenty milhon per minute 
One molecule of enz 3 mie may spht one molecule of acetylchohne in 
about 3 to 4 microseconds (10) This speed is perhaps the most out- 
standing feature of the enzyme system since it is a prereqmsite for 
any assumption connecting a chemical reaction directly with electrical 
mamfestations No other chemical reaction known to be connected 
with nerve activity has a comparable speed (iv) a significantly high 
concentration of the enzyme in aU nerve tissue From the data ob- 
tained with the giant axon of Squid, e g , it was calculated that one 
square mm of neuronal surface is capable of sphtting 1 X 10® molecules 
of acetylchohne m a thousandth of a second (v) the specificity of 
the enz 3 mie in nerve and muscle tissue for acetylchohne The enzyme 
IS distinctly different from the esterases of other tissues, although the 
specificity IS relative and not absolute, as could be expected m the 
case of an esterase (11) 

B Correlation between chohnesterase and nerve activity 

All these features of the enzyme are suggestive and valuable as 
indirect support for the assumption that the activity of this enzyme is 
important for conduction For demonstrating directly the role of 
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cholinesterase during activity, it was necessary to correlate the enzyme 
activity with the electrical manifestations This has been achieved 
in several ways 

l) Difect froporhonahty between voltage and cholinesterase activity in 
electric tissue The first such correlation was established in experiments 
on electric fish The electric tissue has phylogenetically evolved from 
muscle It IS generally agreed that the electric discharge in this tissue 
is fundamentally identical with the action potential m nerve and 
muscle The high voltage is due to the arrangement of the elements 
in senes Each physiological umt, the electnc plate, produces about 
0 1 volt which IS the same order of magmtude as observed in other 
nerves and muscles The electric plates are homologous to motor 
end-plates The contractile elements have disappeared in the strong 
electric organs but they exist as rudiments m weak electric organs 
The remarkable structure of the electrolemma surrounding the nerve 
endings m the electnc organ, has revealed interesting similanties with 
the post-synaptic membrane at the motor end-plate, as was recently 
shown by Couteaux (12) The electnc discharge in this fish is more 
exactly homologous to the end-plate potential developed m the post- 
synaptic membrane of the neuromuscular junction 

Great vanations m the number of electnc plates per cm are found 
in the electnc organ of the Electrophorus electneus, the South American 
electnc eel The frequency varies considerably with the size of the 
specimen and decreases from the head to the caudal end of the organ 
in each specimen Since each plate develops, as mentioned above, 
about the same voltage, the vanations of the voltage per cm are con- 
siderable A close parallehsm was found between the number of 
electric plates, the voltage per cm , and the concentration of cholin- 
esterase (13) Studying this relationship on a large number of speci- 
mens covering a range from 0 5 volt to 22 volts per cm , it was found 
that if the voltage per cm is plotted against the chohnesterase con- 
centration, the resulting hne calculated by the method of least squares 
goes virtually through zero, which indicates a direct proportionahty 
between voltage per cm and chohnesterase activity (14) This finding 
IS m striking contrast to the distribution of other enzymes and com- 
pounds like adenosinetriphosphatase, respiratory and glycolytic 
enzymes, phosphorylated substances, etc , which do not show any 
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Significant variation in concentration in relation to the voltage de- 
veloped The direct proportionahty between physical and chemical 
processes suggests an interdependence of the two events 

2) The discovery of choline acetylase The electric organ is an un- 
usually favorable matenal for correlating electncal and chemical 
events In view of the small energy involved in conduction, the 
chemical reactions in ordmary nerves are not withm easy range of 
measurement, whereas in the electnc tissue it is possible with the 
available methods to correlate the electrical and the chemical energy 
released during activity It was found that the energy released by 
the breakdown of phosphocreatine per gram per impulse is adequate 
to account for the total electrical energy (15) It has been estabhshed 
by the work of Otto Meyerhof and his school that the phosphocreatine 
IS only a storehouse for energy-nch phosphate bonds and that the 
breakdown of adenosinetnphosphate precedes that of phosphocreatine 
It IS believed today, on the basis of the work of Engelhardt and Ljubi- 
mova, Needham, Szent-Gyorgyi, and their associates, that adenosine- 
triphosphate may react directly with the muscle protein and that its 
breakdown may be the primary chemical reaction during muscular 
contraction It was safe to assume therefore that the breakdown of 
adenosinetnphosphate occurs during nerve activity as m muscle, 
before that of phosphocreatine But, it appeared unhkely for many 
reasons that the adenosinetnphosphate breakdown is the primary 
reaction connected with conduction, as recently proposed (16), be- 
cause of the marked differences between conduction and contraction 
Among other obstacles, the greatest difficulty is the time factor There 
IS no evidence that adenosinetnphosphate breakdown may occur at 
the speed required for the primary event in conduction The turnover 
number of adenosinetnphosphatase is 8,000 per mm , as compared 
with 20,000,000 for chohnesterase On the basis of the available 
evidence, it appeared more likely to assume that the release and re- 
moval of acetylcholine are the primary reactions connected with the 
changes of the protein or lipoprotein m the active surface membrane 
The breakdown of adenosinetnphosphate was assumed to be the 
primary recovery process supplying the energy for the resynthesis of 
the acetylchohne hydrolyzed during the passage of the impulse If 
this IS correct, the energy of adenosinetnphosphate should be used for 
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the resynthesis of acetylchohne (17) This h 3 ^othesis was tested 
m the following way A brain extract was prepared, to the cell-free 
solution obtained, acetate, chohne, and adenosinetnphosphate were 
added Other additions were eserine for protecting the acetylchohne 
formed against the action of cholinesterase, and fluoride for preventing 
the too rapid breakdown of adenosinetnphosphate, since fluoride, 
according to Ochoa (18), inhibits the activity of adenosinetnphos- 
phatase but not that of the phosphorus-transferring enzyme It was 
found that the cell-free solution contains an enzyme which forms 
acetylchohne at a high rate under strict anaerobic conditions, using 
the energy of adenosinetnphosphate (19) The enzyme was called 
chohne acetylase The discovery of this enzyme is consistent with the 
h 3 rpothesis formulated above, viz , that the breakdown of acetyl- 
choline precedes the breakdown of adenosinetnphosphate during the 
discharge of the impulse and that the energy of the adenosinetnphos- 
phate is used for the resynthesis of acetylchohne At that period, 
in 1943, when this h 5 ^othesis was proposed and tested, no other chem- 
ical reaction outside the glycolytic cycle was yet known to use the 
energy of adenosinetnphosphate It was the first demonstration that 
energy-rich phosphate bonds may be used for anaerobic acetylation 
The whole enzyme system is rather complex but has been completely 
reconstructed w vifro (20-24) The most active preparations obtained 
from 150 mg of acetylchohne per gram protein per hour The bio- 
chemical aspect need not be discussed here But two facts of physi- 
ological interest may be mentioned, which emerged from the studies 
with this enzyme system First, the enzyme is present in all nerve 
fibers and also in muscle (25) The absence of acetylchohne in sensory 
nerves was considered for a long time, an obstacle for the assumption 
that this ester is essential for conduction Evidence for the presence 


of chohne acetylase in sensory nerves removes this objection since the 
presence of both chohne acetylase and chohnesterase indicates that acet- 
ylchohne is metabolized there as well as m motor nerves This is con- 
firmed by the observations discussed later, that inhibition of chohn- 
esterase blocks conduction in sensory as well as in all other types of 
nerves It is true that the rate of synthesis in sensory seems to be 
slower than in motor nerves In the optic nerve of the rabbit, 15 to 
20 Mg of acetylchohne were found to be formed per gram nerve per 
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hour as compared with 80 to 110 /ig in the motor nerve, although this 
rate is certainly not the maximum considenng the technical difficulties 
(23) But quantitative differences of chemical reactions are to be 
expected m view of the many variations of the structural and electrical 
properties, the chohnesterase activity vanes also considerably, not 
only m different types of nerves, but even m the same type of nerve m 
different species and groups of ammals 

Another point of physiological interest is the behavior of chohne 
acetylase dunng the degeneration of the nerve fiber It was claimed 
that the abihty of nerves to form acetylchohne disappeared before 
failure of conduction (Feldberg (26)) The whole concept of a role of 
acetylchohne m conduction was therefore assailed (27) These ob- 
servations, however, were based on inadequate techmques Actually, 
more than one third of the chohne acetylase activity is stiU present 
at the time when conduction disappears (22) Thus, the formation of 
acetylchohne considerably outlasts the abihty for conduction 

3) Effect of anttcJiohneslerases on cond^tciion Obviously, if the 
rapid removal of the acetylchohne released during the passage of the 
impulse IS necessary for conduction, interference with this mechanism 
should block conduction This prediction was tested by the use of 
antichohnesterases It could be shown that if nerves are exposed to 
antichohnesterases, hke eserine and strychnine, the action potential is 
abohshed (28) Since the enzyme inhibitor complex is easily reversible 
m the case of these compounds, washing of the nerves should restore 
conduction This has been demonstrated with a variety of nerves 
After abohtion of the action potential by exposure of a nerve to eserme, 
subsequent washmg evoked complete recovery This cycle could be 
repeated several tunes on the same nerve 

n THE MECHANISM OE DI-ISOPROPYL ELUOROPHOSPHATE 

(dep) action 

It was at this stage of development that investigations with a new 
anticholinesterase, di-isopropyl fiuorophosphate (DFP), seemed to 
contradict the assumption of the necessity of chohnesterase for con- 
duction These observations were presented at a s 3 maposium held at 
the New York Academy of Sciences early in 1946 (29) The discovery 
of this compound posed two distinct problems First, whether the 
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high toxiaty could be attnbuted exclusively to the reaction with 
chohnesterase Second, whether it was possible, by exposure of nerves 
to this compound, to destroy chohnesterase irreversibly without im- 
pairing conduction As pointed out by Dixon and Needham (30), DFP 
IS one of the most powerful and most specific enzyme inhibitors 
Among 20 enzyme systems tested, only the esterases were affected 
There is growing evidence that compounds which are extremely potent, 

1 e , act in very low concentrations, produce their effect by interference 
with enzymes It appeared then possible to assume that the high 
toxicity of DFP has to be attributed to its action on chohnesterase 
Many difficulties and apparent contradictions, however, had to be 
overcome until a clear picture was obtained, and I would like to devote 
the second part of the lecture to the rather dramatic development of 
the last two years m connection with the investigations of the mecha- 
nism of DFP action 

A Reversibility of chohnesterase inhibition by DFP Early reports 
seemed to indicate that the irreversible inactivation of chohnesterase 
by DFP is instantaneous Since abolition of conduction in nerves 
exposed to DFP can be reversed, a completely irreversible immediate 
destruction of chohnesterase appeared incompatible with the assump- 
tion that the effect on conduction is due to the inactivation of chohn- 
esterase It was suggested that the conduction in nerves exposed to 
DFP IS blocked by a general toxic effect of this compound 

It has been shown, however, that the irreversible inactivation of 
chohnesterase by DFP is not an mstantaneous process but progresses 
rather slowly The rate of irreversible inactivation depends on a 
number of controllable factors like temperature, concentration of 
inhibitor, and others (31) It could be demonstrated that, at low 
temperatures, the process may be partly reversed even after 2 to 3 
hours incubation of the enzyme with DFP The higher the tempera- 
ture, the greater the rate of the irreversible process, the Qio being about 

2 The concentration of the inhibitor is an important factor For 
a given time of incubation, the range of the concentration at which 
reversibihty may be demonstrated is rather small Fig 1 illustrates 
the dependence of the reversibihty of the enzyme inhibition upon the 
DFP concentration 

B Parallelism between abolition of conduction and inactivation of 
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cJiohnesterase This pecuhar feature of chohnesterase inhibition by 
DFP, VIZ , its slowly progressive irreversibihty, made it possible to 
estabhsh conclusively the necessity of chohnesterase for conduction 
A most strikmg parallelism has been demonstrated between the pro- 
gressive irreversible inactivation of chohnesterase activity and the 



Fig 1 Reversibility or Chounesterase Inhibition on Exposure to 
Varying Concentrations or DFP ror 60-120 Mm at 7°C, Tested 
BY Dilution Method Electric Tissue Esterase 
• — • — • , undiluted O — O — O, diluted after exposure 

progressive irreversible abohtion of conduction The giant fibers 
which run through the abdominal chain of the lobster were selected 
for these experiments, since the chohnesterase activity here is high and 
the preparation therefore favorable for correlatmg electrical and 
chemical processes (32) 

In these experiments the nerves were exposed to DFP for varying 
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penods of tune and then washed with seawater The longer the penod 
of exposure, and the less complete the recovery of the action potential 
the smaller was the activity of chohnesterase remammg in the nerves* 



Fig 2 Parallelism between the Progressive Irreversible Abolition 
OF Conduction and the Progressive Irreversible Inactivation 
OF Cholinesterase in Lobster Nerves Exposed to DFP 
Four nerve preparations shown in the 4 columns were kept m DFP (0 013M) 
for 30, 60, 90, and 120 mm respectively and then washed m sea water The top 
Ime of each column shows the action potential in the untreated nerves The second 
line shows the abolition of the response by DFP The third line shows the degree of 
recovery of the action potential after prolonged washing of the nerve The chohn- 
esterase activity still present is shown m the vertical bars of the fourth line The 
CO 2 output IS 233, 129, 88 S and SO cmm per 100 mg per hour as compared with 
about 2000 cmm CO 2 m the normal preparation 

When conduction was irreversibly abohshed, the activity of the en 2 yme 
was 5 percent or less of the initial (Fig 2) The same parallehsm has 
been obtained in expenments with other nerves, especially also with 



ROLE OF ACETYLCHOLINE IN CONDUCTION 


473 


the giant axon of Squid, a single fiber preparation In all instances 
where conduction could be restored, cholinesterase activity was still 
present (33) 

The parallelism between chohnesterase activity and conduction has 
been established, not only as a function of time but also as a function 
of temperature It takes about I5 to 2 hours to abohsh conduction 
at room temperature, and about 3 to 4 hours at 5 to 10°C, as could be 
expected on the basis of the rate of the irreversible inactivation of 
chohnesterase m mUo According to these data, it should take only 
20 to 30 mm for obtaining this effect at 37°C This was tested with 
the superior cervical sympathetic of the cat If the nerves were ex- 
posed for a few minutes, and the action potential abolished, washing 
with Ringer’s solution could restore conduction But, in about 20 
minutes, the process became irreversible (Fig 3) Here again, chohn- 
esterase was found as long as the action potential reappeared No 
chohnesterase was found if conduction was irreversibly abolished after 
exposure to DFP (34) 

The same effect could be demonstrated with all types of nerves, 
myelinated and unmyelinated, vertebrate and invertebrate, motor and 
sensory nerves, adrenergic as well as cholinergic nerves (8) Finally, 
it was also shown for striated muscle (35) As mentioned above, 
chohnesterase is present in all conductive tissue (nerve and muscle) 
throughout the whole animal kingdom Since m all types of nerves 
and muscle inactivation of chohnesterase leads to abolition of con- 
duction, the observations support the generality of the role of chohn- 
esterase m all conductive mechanisms 

C Impossihihty of dissociating cholineslei ase activity and conduction 
It IS impossible under any conditions to dissociate conduction and 
chohnesterase activity It is true that it is sometimes difficult to 
demonstrate chohnesterase activity m nerves which were exposed to 
DFP This difficulty, however, is due to the fact that normally the 
enzyme is present m excess, which amounts m some nerves to about 
10 to 12 times the concentration necessary for normal function In 
other words, 90 to 92 percent of the chohnesterase present m a nerve 
may be inactivated without impairing conduction, but the remaining 
8 to 10 percent is essential An excess of 10 times is not unusual on 
the basis of our experience with other enzyme systems An excess of 
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Fig 3 A Reversible effect on the superior cervical si^mpathetic nerve of the 
cat exposed to DFP for 2 mm Records from top to bottom normal, after 2 mm 
exposure, recoverv B Irreversible effect on the superior cervical s)'-mpathetic 
exposed to DFP for additional 20 mm after abolition of the action potential 
Records from top to bottom normal, 3 min exposure, after 120 min in Ringer’s 
solution 1000 c p s 

50 or 100 times may be found But whereas the normal cholinesterase 
activity in most nerves is easily determinable, the remaining activity 
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after inactivation of the excess is sometunes small m absolute figures 
and its determination requires therefore special precaution In the 
experiments of Gilman and his associates (36), on the bullfrog sciatic 
nerve, the manometric technique used was inadequate for detecting 
the remammg chohnesterase activity due to several adverse factors 
(33) An activity equivalent to 7 to 10 percent of the initial activity 
can, however, he demonstrated in the following way the homogenized 
nerves are added to a solution of acetylchohne, the disappearance of 
the ester is measured by the determmation with the frog’s rectus 
method 

Boyarski, Tobias, and Gerard (37) exposed the frog sciatic nerve for 
several hours to a concentration of DFP just below that which affects 
the action potential Under these conditions, they were unable to 
detect chohnesterase although they used for the determmation of 
chohnesterase activity the method just described Unfortunately, 
m their determmations, the ratio of enzyme to substrate was inade- 
quate Under exactly the same expenmental conditions, but takmg 
for the determmations more nerve and less substrate, it has been 
shown that the nerve contams a chohnesterase concentration capable 
of sphtting 400 to 500 ng of acetylcholme per gram per hour (38) 
For the evaluation of this activity, it may be useful to recall the small 
initial heat m these nerves At 23°C at a rate of 300 to 400 impulses 
per second, the imtial heat per gram per impulse is about 2-3 X 10~® 
gcal If acetylchohne acts as a trigger in the chain of reactions as- 
sociated with the flow of current, the hydrolysis of the ester will ac- 
count for only a fraction of the imtial heat Let us assume, for m- 
stance, for 20 percent This would be equivalent to 4-6 X 10~® 
gcal On the basis of 2,000 gcal released per mole of acetylchohne 
hydrolyzed, this would amount to 0 0003 to 0 0004 jug of acetylchohne 
spht per gram per impulse The abihty to spht 400-500 jug of acetyl- 
chohne per gram per hour would then account for one to two milli on 
impulses durmg this period (39) 

D CoiiKtdence of choUfiesterase tnachvahon with death If chohn- 
esterase activity IS essential for conduction, survival of an animal 
should be impossible in the absence of chohnesterase However, 
observations were reported that ammals may survive in complete 
absence of the enz3rme m the bram (40) The question has been re- 
exammed It was found that absence of chohnesterase in the brain 
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always coincides with death (39) If a threshold dose is injected in 
which some animals survive, others die, m the surviving animals 
cholinesterase was always present without a single exception, whereas 
in the others the enzyme had disappeared The average concentra- 
tion found in the surviving animals was about 25 percent of the imtial 
value, varying between 10 and 50 percent Other enzymes were not 
affected 

In this connection the recent observations of Freedman and Him- 
wich (41) are important These investigators found that durmg re- 
covery from DFP poisoning the signs of toxicity diminish as the brain 
cholinesterase rises Another significant finding in this connection is 
that of Jones, Meyer and Karel (42) The acute toxicity of a great 
number of organic phosphorus compounds tested was found to be a 
function of their potency as chohnesterase inhibitors 

E The concentrahon of DFP required for abolition of conduction 
One of the main objections to the assumption that DFP abolishes 
conduction by inactivation of chohnesterase is the concentration used 
DFP inactivates chohnesterase in vitro in a concentration of a few 
jag per cc , whereas the concentrations used to abolish conduction are 
1 to 2 mg of DFP per cc This difference was considered by Feldberg 
and Mendel as evidence that the abolition of conduction by DFP is 
due to a general toxic effect, rather than to the inactivation of chohnes- 
terase (Discussion at the International Congress of Physiology at 
Oxford in 1947 ) The objection does not take into account one of the 
most fundamental factors on which the action of a compound applied 
to a living cell depends, namely, the structure The concentration 
outside the cell is irrelevant The decisive factor is the concentration 
at the site of action Nerve fibers are surrounded by a myelm sheath 
and other membranes, which may form either a complete barrier for the 
penetration of some compounds into the interior or slow down the rate 
of penetration Using the giant axon of Squid, we have tested the 
concentration of DFP in the interior of the cell at the time when the 
action potential disappears (38) This concentration was found to be 
of the order of magnitude of 1 iig per cc , or one per rmll of the outside 
concentration Sometimes it was lower, and m one case it was about 
5 per mill The inside concentration at the tune when conduction dis- 
appears was about the same, whether 400 iig of DFP per cc or 1 mg 
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per cc were used outside These observations show that the concen- 
tration inside the cell may be only about one-thousandth of the out- 
side concentration at the cntical moment They answer satisfactorily 
the question why the outside concentration has to be so much higher 
than that used to abohsh chohnesterase activity if the enzyme is in 
solution 

F Ktnehc aspects of chohnesterase inhihihon by DFP Even in 
vitro, the effectiveness of DFP depends on a great number of factors 
The importance of temperature and concentration of inhibitor for 
determining the rate of the irreversible inactivation of the enzyme by 
DFP were previously mentioned There are, however, other factors 

The inhibition of cholmesterase by DFP occurs on a mole-to-mole 
basis (43) This could be demonstrated in experiments on virtually 
pure chohnesterase prepared from electric tissue in which 1 mg of 
protein splits 60 gm of acetylcholine per hour The enzyme was in- 
cubated with varying concentrations of DFP for 150 mm at 10°C 
The solution was then diluted several thousand times, whereby the 
action of DFP was interrupted instantaneously and the remaining ac- 
tivity was tested The amount of enzyme inactivated changes 
directly proportionally with the concentration The inhibitory effect 
depends, however, not only upon the concentration of the inhibitor 
but also upon that of the enzyme If pE, the negative log of the molar 
concentration of the enz3Tne is plotted against the log of the ratio of 
mhibitor concentration to enzyme concentration, a straight line is 
obtained (Fig 4) The excess of inhibitor required to produce 50 
percent mhibition m a given time mcreases rapidly with dilution In 
a solution of which 1 cc sphts 12 gm of acetylcholine per hour, the 
excess of molecules of mhibitor over molecules of enzyme is 25 In a 
solution in which 1 cc sphts 1 mg of acetylcholme per hour, which is a 
concentration of the order of magnitude used generally with the War- 
burg manometric method, more than 100,000 molecules of inhibitor 
are necessary for each moleculd^ of enzyme in order to obtain the 50 
percent inactivation 

The most important difference between the mhibition of chohnester- 
ase by DFP and that by the alkaloids, eserine and prostigmme, is the 
easily reversible nature of the reaction with the alkaloids in contrast 
to the progressive irreversible effect of DFP But here again, even 
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tn mtro, many other differences may be demonstrated which affect the 
course of the action Whereas, e g , the alkaloids act immediately and 
the percentage inhibition remains unchanged for a considerable penod 
of tune, the inhibitory effect of DFP increases constantly Hereby 


pE 



Fig 4 Excess oe DFP Required poe Varying Enzyme Concentrations 
pE, the negative log of the molar concentration of the enayme is plotted against 
the log of the ratio of inhibitor concentration [I] to the enzyme concentration [E] 

the relationship between the mhibitory effects of the alkaloids, com- 
pared to that of DFP, becomes rather complex But, even if we 
compare the two inhibitory effects for a given time of incubation, and 
compare percentage inhibition produced by the two types of mhibitor, 
we find that m low concentrations the alkaloids have a stronger effect 
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With increasing concentrations, the effect of DFP becomes stronger and 
rapidly reaches completion, whereas the mhibition by the alkaloids 
shows a more asymptotic type of ime (Fig 5) 


inhibition 

PER CENT 



Fig S Effectiveness op the iNHiBmoN of Cholinesteease by DFP 

AND THE AiXALOIDS PrOSTIGMINE AND EsEEINE AT VARYING 

Inhibixory Concentrations 

Inhibition m per cent plotted against pi, the negative log and the molar con- 
centration of the inhibitors In the expenments with DFP, the enzyme was mcu- 
bated for 150 mm , with the inhibitor before the determmation No mcubation 
time was used m the experiments with the alkaloids 

The observations described may suffice to demonstrate upon how 
many factors the effectiveness of the enzyme inhibition ^n miro de- 
pends Even more factors have an essential role m determmmg the 
effects on cells and organs in vivo, such as circulation, permeabihty of 
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different membranes, rate of penetration, etc Consequently, it is not 
surprismg that the toxic signs due to DFP are variable but this vanety 
of effects must be attributed not to a multitude of chemical reactions 
but to the many factors which have been demonstrated to influence the 
course of this single reaction 

G P 1 otection by alkaloids against DFP action The finding that DFP 
acts on chohnesterase on a mole-to-mole basis is of importance in 
another respect On the basis of the sedimentation rate m the ultra- 
centrifuge with the preparation which has only one protein component, 
it was calculated that the molecular weight of chohnesterase is about 
three million The molecular weight of DFP is only 180 The 
stoichiometric relation suggests that the DFP may act on the active 
group which determines the activity of the enzyme Goldstein (44) 
has offered evidence that eserine may act on serum esterase on a mole- 
to-mole basis Prostigmme and eserine, of a molecular weight of 
about 300, act on chohnesterase m concentrations similar to those of 
DFP It appeared possible that they act on the same active group 
If so, when the enzyme is incubated with prostigmme pnor to the incu- 
bation with DFP, the active group should be bound by the prostigmme 
and become inaccessible to the DFP This assumption was confirmed 
by the foUowmg experiment Chohnesterase was incubated for 20 
mm with prostigmme DFP was then added m exactly the same 
molar concentration which, without prior incubation with prostig- 
mme, produces about 50 percent irreversible inactivation within 150 
min But with prostigmme added prior to DFP, at the end of the 
experiment, when the preparation was diluted several thousand times, 
the total cholinesterase activity was still present The prostigmme 
on a mole-to-mole basis had protected the enzyme against the action of 
DFP If the molarity of prostigmme used was only one-half of that 
of DFP, the protecting effect was only about 50 percent Koelle (45) 
had already described the protecting effect of eserine against the action 
of DFP in brain homogenates The present observations confirm his 
finding and show in addition the quantitative relationship 

The observation has been used to demonstrate m a new way that 
the action of DFP on conduction is due primarily to the inactivation 
of chohnesterase The experiments were carried out m the following 
way The superior cervical sympathetic of the cat was first exposed 
to eserine in 0 02M concentration until conduction was abohshed 
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This occurs usually within 10 to 20 min At this moment it had to be 
assumed that the active group of cholinesterase was associated with 
eserine and therefore protected against the eSect of DFP DFP was 
now added to the solution in the same high concentration, 0 02M for 
about 20-30 mm This time of exposure to the concentration of DFP 
used IS usually sufficient to kill the nerve, i e , to abolish irreversibly 
conduction and to inactivate irreversibly all chohnesterase activity 
After 20 mm the nerve was put back into eserine to permit the DFP 
to diffuse out of the nerve into the bathmg fluid, and after 40 mm 
the nerve was put back into Ringer’s solution and washed for 3 hours 
Whereas, in the control nerve treated only with DFP for the same time 
and at the same concentration, conduction was completely abohshed 
and chohnesterase absent, in the eserine treated nerve both conduction 
and chohnesterase came back (unpubhshed data) The observations 
add new support to the assumption that DFP acts exclusively by its 
reaction on chohnesterase and illustrate how the electncal manifesta- 
tions may be predicted and controlled on the basis of the chemical re- 
actions observed ^n vitro 

The challenge to the assumption that acetylchohne plays an essential 
role in conduction has thus been met successfully Havmg passed this 
test, the idea emerged stronger than before The investigations on 
the mechanism of DFP have not only given us valuable information 
in the field of general toxicology, but, in addition, have shown that this 
compound is an extremely valuable tool for the study of some funda- 
mental aspects of nerve activity 

Although the necessity of acetylchohne for conduction has now been 
conclusively estabhshed, the precise function of the ester remains open 
to discussion Accordmg to the widely accepted membrane theory, 
proposed early in this century by Bernstein, the nerve is surrounded 
by a polarized membrane, the positive charge bemg on the outside 
and the negative on the inside During the passage of the impulse, 
the polarization breaks down and the charge is even reversed, as has 
been shown by Hodgkin and Huxley (46, 47), and Curtis and Cole 
(48) The electromotive force between the inside and the outside has 
most likely to be attributed to the difference of the ion concentrations 
Recent observations of Hodgkm and Huxley mdicate indeed that, 
dunng activity, potassium ions leak out and sodium ions move m 
Such ion movement occurs m restmg condition, as has been shown by 
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Rothenberg (49, 50) on the giant axon of Squid with the aid of radio- 
active isotopes However, an exchange at a much higher rate will 
take place during activity It is known that the resistance falls during 
the passage of the impulse from 1,000 to 40 ohms per square mm (51) 
It IS a possibihty that this change in resistance, i e , the increased 
permeabihty for ions during conduction, is due to the release of acet- 
ylcholine and its effect on the proteins or lipoproteins of the active 
membrane A compound which may be metabolized m a few micro- 
seconds may well account for such a change Moreover, the observa- 
tions of Fessard on the electric tissue of Torpedo M armor ata have shown 
the ability of the ester to change the membrane resistance and to 
generate an action potential (52, 53) The high potency of the ester, 
indicated by the small amounts which produced the electrogenetic 
effect, becomes a pertinent feature in connection with the high rate of 
its metabolism 


in AXON AND SYNAPSE 

In contrast to the anticholinesterases discussed so far, prostigmine 
has no effect on conduction in nerve or muscle Prostigmine is t7i vitro 
a very strong anticholinesterase The inhibitory effect on a molar 
basis is equal to that of eserine, and the kinetics of this inhibition, as 
mentioned above, are, in all respects tested, identical Why do we 
fin d then, a difference between the two compounds if apphed to the 
livmg cell? Here again we encounter the fundamental importance of 
structure as mentioned above Eserine is a tertiary amine and is, as a 
free base, lipid soluble Prostigmine is a methylated quaternaiy am- 
monium salt and lipid insoluble It appeared possible to assume that 
the inability of prostigmme to affect conduction in either nerve or 
muscle fiber, in contrast to eserine, may be due to the fact that the 
membranes surrounding the fibers are impervious to prostigmine 
This assumption has been tested m the foUowmg way Giant axons 
of Squid were exposed to high concentrations of prostigmine (10"“ M) 
for a certain period of time After the exposure, the axoplasm was 
extruded and the presence of prostigmme was tested by adding the 
extruded axoplasm to cholinesterase Whereas those antichohnester- 
ases which affect the action potential are found m the axoplasm, 
prostigmine, m striking contrast, was completely absent (28) 
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This observation has obviously considerable significance Acetyl- 
chohne and curare are, like prostigmine, methylated quaternary am- 
monium salts The observation of Claude Bernard that curare acts 
exclusively on the nerve ending was for a century considered by many 
physiologists as evidence for a pecuhar property of the nerve ending, 
suggesting that the mechamsm of propagation of the nerve impulse 
differs fundamentally from that along nerve fibers The hypothesis 
of neurohumoral or chemical transnussion was based essentially on 
two facts First, the excitabihty of synaptic junctions under certain 
conditions by acetylcholme, and, second, the appearance of acetyl- 
chohne in the perfusion flmd of these junctions under certain conditions, 
following nerve stimulation The failure to affect conduction by 
acetylcholine, even m extremely high concentrations (20 gm per liter), 
was considered as evidence that the physiological function of acetyl- 
choline, whatever it may be, is limited to the synaptic junctions (54) 
The failure of prostigmine, m contrast to aU the other anticholmesterases 
to affect conduction and the limitation of its effect to the synaptic 
region, did obviously indicate that methylated quaternary ammonium 
salts can reach the active surface only at the synaptic region, especially 
the post-sjTiaptic membrane There the active membrane appears 
to be either less well or not at all protected by lipid The limitation 
of the effect of acetylcholme applied externally to the synapse was 
therefore attnbuted to the difference in structure rather than to the 
underlying fundamental physico-chemical mechamsm of propagation 
However, the massive doses of acetylcholme, applied without any 
effect, appeared so impressive that some doubts continued to persist 
whether the evidence based on the observation with prostigmine was 
sufl&cient Our knowledge of the permeability of cell membranes is 
indeed limited In view of the importance of this question, it ap- 
peared, therefore, desirable to offer direct evidence that the neuronal 
surface membranes are impervious to acetylchohne The question 
has been tested in the followmg way after exposure of nerves to acetyl- 
choline labelled with the amount of N'® in the extruded axoplasm 
has been determmed by means of a mass spectrometer and compared 
with the results obtamed from a similar exposure to a tertiary amme 
labelled in the same way (55) The results are shown m Table I 
The tertiary amine penetrated easily and is nearly m equihbnum 
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after 60 mm The amount found inside after 25 mm exposure to 
acetylcholine m high concentration (20 gm per liter) is neghgible 
0 6 micromoles N (8 6 pg ) per gram axoplasm were found, which 
amounts to 0 67 per cent of the N outside Even assuming that this 
would be the N of the choline, no physiological effect can possibly be 
expected if the penetration proceeds at such a low rate One gram of 
these nerves can hydrolyze 2-4 mg of acetylcholine per hour, and there- 
fore the infinitely small traces penetrating at any given moment would 

TABLE I 

Permeability of the membranes surrounding the stellar nerve of Squid to tnmethylamine 
(TMA) and to acetylcholine {ACh) labelled with 
The compounds contained 31 atom percent excess N*® After the exposure of the 
nerves to the compounds, the axoplasm was extruded and the N“ concentration deter- 
mined 


1 

COUPO’OKD ^ 

TIME OF 
EXPOSUEE 

N 

otrxsroE 

AXOPLASM 

EXTEtmED 

= TOTAL N 

1 

ATOM 
PERCENT 
EXCESS N>5 

N DIFFUSED 
INTO 

AXOPLASM 

PENETRA 

TION 


min 

n molesicc 

mg 

u moles 

■■ 

ft moles 

percent 

TMA 

15 

20 

134 3 

69 2 

WEm 

5 5 

30 5 


25 

20 

78 8 

40 5 

119 

7 1 

39 5 


60 

20 

149 4 

77 1 

m 

15 3 

84 5 

ACh 

25 

100 

137 0 

70 7 

0 038 1 

1 

0 6 

0 67* 


* Even this negligible amount of N found inside must be attributed to impurities 
present in the acetylcholine used The 1430 nZ N per cc contained 55 ng non-quater- 
nary N The N which penetrated (8 6 fig per gram or 0 6 micromoles) is therefore 
equivalent to 18 per cent of the non-quaternary N outside This is in the range to be 
expected 


be hydrolyzed before they could accumulate to a possibly effective 
concentration Adding eserine would not change the situation be- 
cause, m concentrations at which the chohnesterase would be inhibited 
to less than 80 per cent, the rate of hydrolysis would be still much too 
high compared with the rate of penetration Still higher concentra- 
tions of esenne would abohsh conduction even without additional 
acetylchohne being present 

However, even the negligible amounts found inside should not be 
considered as being quaternary ammonium salt They must be at- 
tributed to the impurities of non-quarternary N present m the acetyl- 
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choline It was found that the alkah-distillable nitrogen in the acetyl- 
choline bromide amounted to 0 6 per cent by weight (3 8 per cent of 
the total N) This is equivalent to 55 jug non-quaternary N in the 
1430 jug N per cc of the solution used The 8 6 jug N per gram_of 


per cent 
ioo[- 



■ - ..I — . . - .-ii-i . — 

15 25 60 

Mm of Exposure 


Fig 6 Rate of Penetration of Trimethylamine and Acetylcholine 
Labelled with into the Interior of the Giant Axon of Squid 
The ratio of the concentration of the N of these compounds mside (Ci) to that 
outside (Co) IS plotted against the time of exposure m minutes The dotted line 
mdicates the rate of penetration of N (X) on exposure to trimethylamine (286 /xG 
N per cc ), the straight line, that of the N ( ) found on exposure to acetylcholme 
(1430) lig N per cc of which 55 ng were non-quatemary N) 


axoplasm (or 0 67 per cent of the outside concentration) must therefore 
be attributed to the non-quaternary unpunties present in the acetyl- 
choline used The 8 6 jug N are equivalent to 18 0 per cent of the 
non-quatemary N outside The rate of penetration of tnmethylamine 
was, for the same length of exposure, 39 5 percent In view of the 
smaller gradient, the rate of penetration may have been actually 
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smaller The agreement between the amount found, and that to be 
expected on the basis of the impurities present, is therefore entirely 
satisfactory Fig 6 shows the difference of the rate of penetration of 
the 2 compounds 

The experiments show conclusively that the axonal surface mem- 
branes are impervious to acetylchohne, as was already suggested by 



PoslsynopJlc Membrane 


Fig 7 Scheme oe the Neuromuscuiar Junction 
A structural burner protects nerve and muscle fiber agamst the action of methyl- 
■ated quaternary ammonium salts These compoimds act only on the post- 
synaptic membrane, which apparently is either less or not at all protected Other 
compounds like eserme, DFP, strychnme, and procaine, bemg able to penetrate 
the structural barrier, act upon the active membrane of the nerve and muscle 
fiber, as well as upon synapse 

previous observations with prostigmme They confirm the explana- 
tion given for the locahzed action of acetylchohne when apphed ex- 
ternally to synaptic regions in contrast to its physiological r61e in 
conduction More generaUy, the pecuhar abihty of the synapse to 
react to compounds which do not affect conduction is thus explained 
m terms of structure as lUustrated m the scheme of Fig 7 It is the 
absence of the structural barrier at the post-synaptic membrane which 
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makes it possible to demonstrate the electrogenetic effect of acetyl- 
choline in the electnc organ 

In view of these observations, the second fact on which the hypoth- 
esis of neurohumoral transmission was based, viz , the appearance 
of acetylchohne in the perfusion fluid of the synapse has also to be 
reconsidered This appearance is obviously possible only there be- 
cause of the absence of an msulatmg structural barrier, whereas the 
compound cannot leak out of stimulated nerve and muscle fibers 
But even at the synaptic junctions, the ester does not appear under 
physiological conditions It is an important fact that the ester appears 
only if the normal mechamsm responsible for the rapid removal of the 
ester, viz , cholinesterase, is to a large degree inactivated by the pres- 
ence of esenne No trace of acetylcholine appears in absence of 
eserme Even m presence of the drug, the amounts leaking out are 
infinitely small, one hundred-thousandth to one-imlhonth of that re- 
quired to set up a stimulus, a discrepancy not easily explained m terms 
of chemical mediation 

The variations of structure may largely account for the great diflS.- 
culties encountered and the many contradictions reported in applying 
the two catena of chemical mediation to different types of synapses 
The effects of compounds apphed externally will vary m different 
types of tissue dependent upon the anatoimcal structure, the bio- 
chemical composition of the surrounding membranes and probably 
quite a few other accessory conditions In view of the physicochemical 
properties of acetylcholine and similar methylated N-compounds, the 
difl&culties will become nearly msurmountable in the study of brain and 
spinal cord which contain such large amounts of lipid and myelin 
The painstaking efforts to demonstrate or to disprove the “chohnergic” 
nature of synapses m brain and spinal cord have led to a most unsatis- 
factory and confusing picture 

As pointed out so emphatically by von Muralt (56) in his book, the 
analysis of a cellular function, like the propagation of the nervous 
impulse, requires knowledge of structure, biochemistry, and bio- 
physics Each of these factors is of equal importance Smce the 
ongmal approach to the elucidation of the role of acetylchohne m 
nerve activity has led to such an impasse, it should be expected that 
at least opponents of the idea of chemical mediation would try to 



488 


DAVID NACHMANSOHN 


substitute these methods which proved to be inadequate It is there- 
fore surprising that Eccles, although accepting the necessity of a new 
approach, tries to disprove the role of acetylchohne m synaptic trans- 
mission by applying exactly the same type of methods that has been 
used for the support of the mediator theory He exposed the frog’s 
spinal cord to eserine in 10“^ M concentration and to prostigmine in 
3-6 X 10~® M concentration No effect on synaptic transmission was 
obtained (57, 58) Eccles assumes that the chohnesterase in the 
spinal cord under his experimental conditions, was completely inacti- 
vated by the eserine and excludes, therefore, any rdle of acetylchohne 
in the synapses of the spinal cord The assumption that chohnesterase 
activity was completely abohshed was not tested expenmentally but 
was based on the figure reported in the hterature to be necessary for 
inhibiting chohnesterase in solution or suspension But in Eccles’ 
type of experiments, it is necessary to take into account structural 
barriers, penetration rates, the kinetics of the enzyme inhibition, the 
excess of the enzyme, and a number of other factors upon which the 
effect of drugs apphed to cells and organs may depend In order to 
inactivate chohnesterase to a sufficiently high degree for obtaining 
interference with conduction m a single fiber preparation, the giant 
axon of Squid, a concentration of 10~^ M esenne, must be used This 
preparation has a lipid layer only a few micra thick The esenne is 
apphed at a pH of 8 2 to 8 4, the pH of sea water At this pH, a 
greater fraction of eserine is undissociated and therefore penetrates 
more readily as free base than at a pH of 7 2 used in Eccles expen- 
ments at which the compound is nearly completely dissociated The 
reason for the failure to obtain an effect m the spinal cord, especially 
with the low concentrations used, is then obvious 
In contrast to the conflicting results obtained when the “chohnergic” 
nature of nerves is tested by the cnteria mentioned, the approach by 
the study of the enzymes connected with acetylchohne metabohsm 
and their correlation with function did not encounter comparable 
difficulties All facts support the assumption of the generahty of the 
role of acetylchohne in all nerve tissue, including that of bram and 
spinal cord The presence of large amounts of chohnesterase m bram 
and spinal cord studied extensively dunng the years 1937 to 1939 
(59-62) suggested that the ester may have the same role there as in 
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the penphery The tune when the high concentration of the enzyme 
appears in the brain dunng embryonic development coincides with the 
beginmng of function (61, 62) The most strikmg evidence for thiS' 
coincidence was obtamed in studies on brain and spinal cord of sheep 
embrj’-os suggested by Sir Joseph Barcroft (63) The discovery of 
chohne acetylase made possible the demonstration of the high rate of 
acetylchohne formation m brain as well as in all other nerve tissues 
Finally, the observations reported with DFP have shown that chohn- 
esterase activity in bram is indispensable for life 

As pomted out before, the two fundamental facts on which the 
theory of neurohumoral transmission was based originally appear 
today in a new light The ability of the synapse to react to acetyl- 
choline apphed externally has been explained on the basis of structural 
difference between synapse and axon No good evidence exists that 
the appearance of the ester m the perfusion fluid of synaptic region is a 
physiological event Thus it appears imperative to reconsider the 
theory of neurohumoral transmission and to discuss whether or not 
the original interpretation of the observations of Loewi and Dale has 
to be changed 

At the symposium on the synapse m 1939, Erlanger emphasized 
that many properties considered to be pecuhar to the synapse can be 
obtained in the axon, like spatial summation, one-way transmission, 
latency, and transmission of the action potential across the non-con- 
ducting gap (3) It appears from these studies that the electncal 
signs of activity do not 3 ustify the assumption that the mechanism of 
transmission across s 3 mapses differs fundamentally from that along 
axons During the last ten years, extensive investigations have been 
made on the electrical charactenstics of transmission across artificial 
ephapses and natural s 3 mapses by a great number of mvestigators, 
like Arvamtaki, Bullock, Eccles, Gramt and Skoglimd, and many 
others From the vanous investigations, considerable evidence has 
accumulated that the propagatmg agent across the synapse is the flow 
of current Accordmg to Eccles (64), impulses in a pre-synaptic nerve 
fiber generate a current which gives a diphasic effect on the synaptic 
region of the post-sjmaptic cell This current produces imtially an 
anodal focus with cathodal surround, followed by a more intense 
cathodal focus with anodal surround The cathodal focus sets up a 
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local response from winch a catelectrotonus spreads over the post- 
synaptic cell membrane This catelectrotonus, the end-plate po- 
tential, sets up a propagated impulse m the post-synaptic cell as soon 
as a certain threshold is reached The sequence of events is simil ar 
to that observed on artifiaal synapses (ephapses) and on a single unit 
preparation of the synapse, the Squid stellate ganghon (Bullock (65)) 

In view of all this evidence accumulated, it appears more likely to 
assume that the role of acetylcholine at the synapse is the same as m 
the axon Release and removal of acetylchohne must be essential 
events in the changes of the presynaptic membrane during the flow of 
current across the synaptic region and in the post-synaptic membrane 
generating the end-plate potential It would be difficult to picture 
these currents as being different in nature from those in the axon 

There is experimental support for the assumption of a high rate of 
acetylchohne metabolism in the post-synaptic membrane Observa- 
tions, on the cholinesterase concentration at the motor end-plate fol- 
lowing the section of the motor nerve, have revealed that the high con- 
centration at the motor end-plate decreases by less than a third within 
3 to 4 weeks (66-67) It then remains stable for many months Most 
of the enzyme present in high concentration at the motor end-plate is 
apparently localized in the post-synaptic membrane, the site of the end- 
plate potential, an exclusively muscular element Less than one-third 
may be localized in the pre-synaptic membrane Another indication 
of the role of acetylchohne in the end-plate potential is the direct 
proportionahty between voltage and cholinesterase in the electric 
tissue, since the discharge there may be considered as homologous to the 
end-plate potential 

In view of the high rate of metabohsm m the post-synaptic mem- 
brane during the development of the end-plate potential, it may be 
expected that in presence of eserme not all the acetylchohne released is 
hydrolyzed with the usual speed A fraction of the ester may there- 
fore leak and be found in the perfusion fluid Much more convincing 
evidence than that available today would be necessary for the ac- 
ceptance of the idea that acetylchohne assumes at the synapse a func- 
tion entirely different from that in the axon, i e , is released from the 
nerve ending, penetrates the neurogha and acts on the post-synaptic 
membrane, thus substituting the flow of current as chemical mediator 
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All indications favor the assumption that the mechanism of the trans- 
imssion of the impulse across S 3 mapses is fundamentally identical with 
that along axons, the transmitting agent being the flow of current in 
both cases This interpretation does not minimize the importance of 
the observations of Loewu and Dale, but harmonizes them with the 
progress of our knowledge concerning the structure, the biochemical 
data, and the electncal signs of nerve activity ^ 
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DISCUSSION 

Stephen Krop 

{Pharmacology Section, Medical Division, Army Chemical Center, Maryland) 

]\Iuch Study in recent years has fortified the so-called chemical theory 
of the activity of nerves However, many facts must be harmonized 
with tlie view and many problems appear if the view is accepted A 
few of tlie problems are indicated in the following discussion in the 
hope that apparently discordant facts may be integrated with the 
concept and that some hnes of further inquiry may be indicated 
The review just presented has highlighted the studies w'hich support 
the hj-potlicsis that acetylchohne (ACh) action is a pnmary event in 
impulse conduction in nen’-e It has been claimed also that ACh plays 
a similar part in other exatable tissue, such as muscle, thus broadening 
tlie hj-pothesis to state that ACh is the uni\ ersal exatmg agent The 



494 


STEPHEN KROP 


Wide distribution of a hydrolytic enz3rme (or enzymes) of marked ac- 
tivity toward chohne esters, the occurrence of ACh in tissues, and an 
enzyme for its synthesis lend support to the hypothesis The concen- 
tration of the enzyme cholinesterase (ChE) in those portions of organs 
considered important for excitation further fortifies the hypothesis 
At the outset, it may be useful to recall that throughout the review 
emphasis is placed upon the ChE mechamsm and that reduction of 
this enz3mie to a certain level of concentration brings about failure of 
conduction It should be emphasized that thereby attention has been 
centered on the problem of removal of ACh after it has performed its 
function Hence, it may be said that, strictly speaking, ChE is not 
essential for conduction but rather for repolarizing the nerve fiber 
following the action of free ACh, thus resetting the “tngger” for the 
next impulse This consideration follows if we are to explain the block- 
ing effect of anticholinesterase compounds by the accumulation of 
ACh, such an accumulation would allow passage of current leading to 
unreheved depolarization of the membrane In this connection, 
since ChE inhibitors such as di-isofluorophosphate (DFP) appear to 
combine with the chemical grouping in ChE responsible for sphtting 
ACh, it IS possible that the “receptor” on the effector is of like chemical 
configuration Hence, the receptor might likewise react with DFP, 
though undoubtedly in a much lower order of reactivity, thus far, 
such a reaction has not been observed The experiments of Toman do 
not support the supposition that antichohnesterase agents block con- 
duction by permitting ACh to accumulate to levels which result m 
sustamed depolarization This investigator found no correlation 
between changes in conduction and in the demarcation potential dur- 
ing the course of development of nerve block by DFP It is important 
that Toman’s findings be confirmed and extended Recently, utilizing 
an organ not requiring hydrolysis of ACh for sustained activity, the 
submaxillary gland of the cat, Riker (personal commumcation) has 
observed that spontaneous salivary activity appears when the ChE of 
the gland is reduced to 10% and that between this value and zero, the 
rate of sahvary flow is proportional to the reduction in ChE In 
frogs’ muscle we (l) have found that of certain compounds structurally 
related to DFP only those inactivating ChE rendered the muscle in- 
exatable The correlations between nerve action potential and ChE 
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activity which have been reported are therefore valid only as reflections 
of the capacity of nerve to revert to polarization after activity It is 
relevant to indicate here that such correlations are best studied in 
single fiber preparations in which all-or-none response to a stimulus 
IS clearly seen 

This leads us to inquire about the release of ACh, in an active form, 
from excitable tissue receiving a stimulus Such “release” must be 
an extraordmanty rapid process, probablj’’ mucli more so than the 
removal of ACh, in itself an event of great rapidity If ACh is the 
agent responsible for the propagated disturbance, its “release” there- 
fore appears to be the essential event in excitation and in the propaga- 
tion of the impulse, CliE is in this light essential for restoration of the 
membrane in order that repeated and sustained activity of nene be 
possible 

Concerning the part i\hich ACh max' play in central synaptic trans- 
mission, we were unable to duplicate Bremer’s experiments in which 
small amounts of ACh by intracarotid injection produced increased 
cortical potentials We liax’^e obserx'ed, hoxxevcr, that atropine pre- 
vents or annuls the convulsant effects of DFP as seen b> means of 
potential patterns from the brain in expenmental animals (2) This is 
accomphshed with quantities of atropine having little effect upon 
normal potential patterns The effect appears specific because even 
far larger quantities of atropine have no effect upon the potential 
patterns induced by such pow'erful CNS stimulants as pentamethylene 
tetrazol, commonly called metrazol It follows that if ACh is the 
common denominator in axonal conduction and in certain portions of 
synaptic transmission, then atropine might be expected to prevent or 
interrupt vath equal facihty the perpetuation of the effects of metra- 
zol along a chain of neurones regardless of the manner in xvhich met- 
razol initiates its effects Further study is obxaously in order here to 
harmonize the discrepancy One might speculate that atropine pre- 
vents ACh action on an area on a postsynaptic neurone, such as on the 
muscle end-plate, which is normally excited by flow of current gener- 
ated at the presynaptic site by ACh 

According to the ACh-ChE hypothesis, adenosine tnphosphatase 
constitutes one of the links in the chain of the energy feeder system for 
maintaining a supply of ACh via choline acetylase The large chf- 
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ference between the turnover members of ChE and adenosine tri- 
phosphatase IS ated m support of the pnmacy of ACh over adenosine 
triphosphatase It should be borne in mind that despite this dif- 
ference, adenosine triphosphatase activity must keep pace with release 
and hydrolysis of ACh during periods of sustained nerve activity 
It IS mterestmg to consider some fundamental properties of nerve 
as well as synapses m the light of the ACh mechamsm Latency may 
be considered the time necessary for release, among other events, of 
sufidcient ACh for depolarization and setting up a propagated response 
Incidentally, ACh release must take place prior to and possibly during 
the rise of the spike of the action potential, 0 1 to 0 3 millisecond m 
some cases, or even more qmckly Facilitation, temporal summation, 
and recruitment may be akin to the local changes prior to excitation as 
described by Bronk and co-workers, these changes may be regarded 
as the effects of sub-threshold concentrations of ACh, finally resulting 
in the imtiation of propagated disturbances as the concentration of 
ACh rises Adaptation presents a more difl&cult problem, for it is 
unknown how it is related to ChE content, ACh store, and ACh resti- 
tution from the hydrolysis products 
It would be useful to obtain a formulation of the temporal and quan- 
titative relation of ACh release, removal, and restitution to the several 
phases of the nerve action potential as it may be visualized at present 
latent period, spike potential, and threshold changes (supernormal 
period, refractory period) ' 
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II QUATERNARY AMMONIUM IONS AND SODIUM 
IONS IN NERVE PHYSIOLOGY^ 

R LORENTE DE NO 

{The Laboratories of The Rockefeller Instilulcfor Medical Research, Nerj} York) 

The research presented m this report was begun with the purpose 
of ascertaining why tetraethyl-ammonium can substitute for sodium 
in certain important aspects of nerve function while neither tetra- 
methyl-ammonium nor chohne is able to substitute for sodium 

As was originally demonstrated by Overton (’02), and was repeatedly 
confirmed by the present writer (Lorente de No, ’44, ’47), sodium ions 
play an essential role in nerve physiology A frog nerve deprived of 
sodium, 1 e , a frog nerve that is being kept in a sodium-free medium, 
ultimately becomes mexcitable The inexcitabihty is reversible, 
since the nerve fibers rapidly regain the ability to conduct impulses 
after sodium ions are made available to them 
Overton used sugar solutions as sodium-free media, for a number 
of reasons, however, it is more convenient to use solutions of certain 
quaternary ammonium ions The chlorides of several quaternary 
ammonium ions can be used at the Oil M concentration to prepare 
sodium-free media that are “inert,” i e , that do not cause a depolar- 
ization of the nerve fibers In the research presented here use has 
been made of the chlorides of tetramethyl-ammonium (fig 1,1), ethyl- 
trimethyl-ammonium (fig 1, II), chohne (fig 1, VI) and in particular 
of diethanol-dimethyl-ammomum (fig 1, X) 

In sugar solutions, or in solutions of the inert quaternary ammonium 
ions, the fibers of fast conduction begin to become mexcitable after 
8-10 hours, and usually after 14-16 hours the fibers of slow conduction 
also are unable to conduct impulses Complete restoration by transfer 
of the nerve to Ringer’s solution can be obtained even after the nerve 
has been kept in a sodium-free solution of an inert quaternary ammo- 
nium ion for as long as 24-36 hours 

^ This report is a summary of an extensive paper “On the effect of certain 
quaternary ammonium ions upon frog nerve” that is in the course of publication in 
the Journal of Cellular and Comparative Physiology The figures included in this 
report have been reproduced by permission of the editors of the Journal of Cellular 
and Comparative Physiologv 
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To make sodium ions available to the nerve, either OHM sodium 
chloride or Ringer’s solution can be used since potassium and calcium 
ions, neither at the concentrations at which they are present in Ringer’s 
solution nor at any other concentration, are able to substitute for so- 
dium If the nerve has been kept in a sodium-free medium for a long 
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Fig 1 The 15 Possible Combinations of Methyl (— CHs), Ethll 
(— CH 2 — CHs) AND Ethanol (— CHj— CH 2 OH) Groups in 
Quaternary Ammonium Ions 

The Roman numerals I to XV are used in the text to identify the individual 10ns 


period of time, complete restoration by sodium is not obtained unless 
the concentration of sodium in the external medium of the nerve 
fibers is approximately 0 1 M Thus, since the problem under investi- 
gation has been the ability of quaternary ammonium ions to substi- 
tute for sodium, the concentration of the solutions of “restoring” 
quaternary ammonium 10 ns always has been OHM 
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In sharp contrast with the behavior of nerves kept in a 0 11 M 
solution of the chloride of one of the inert quaternary ammonium ions, 
nerves kept m a 0 11 M solution of tetraethyl-ammonium chloride 
become only partially mexcitable The fibers of fast conduction (A 
fibers m Erlanger and Gasser’s classification) lose their ability to con- 
duct impulses approximately m the same manner as m other sodium- 
free media, the fibers of slow conduction, however, remain able to 
conduct impulses practically as long as they would m Ringer’s solution 
It IS convenient to call Et fibers those fibers which remain excitable in 
OHM tetraethyl-ammonium chloride The Et class includes the 
majonty, if not all the fibers of the B and C groups of Erlanger and 
Gasser’s classification The Et class, therefore, includes both myeli- 
nated and unmyelinated fibers and is numerically the more important 
class of fibers 

On the other hand, if after a nerve has become inexcitable in a 0 1 1 
M solution of one of the inert quaternary ammonium ions, or, more 
generally stated, m a sodium-free medium that does not cause a de- 
polarization of the nerve fibers, the nerve is transferred to a 0 11 M 
solution of tetraethyl-ammonium chloride the Et fibers regain their 
ability to conduct impulses practically as rapidly as they would m 0 1 1 
M sodium chloride Tetraethyl-ammonium ions, therefore, are able to 
substitute for sodium m an important aspect of nerve function 

In view of this situation, the first assumption that comes to one’s 
mind IS that the ethyl group, when it is attached to tetracovalent nitro- 
gen, plays a specific role in nerve physiology The assumption has 
proven to be incorrect, nevertheless, it played the role of a useful 
working hypothesis 

In order to test the validity of the hypothesis, experiments were 
conducted with the use of the quaternary ammonium ions listed in 
figures 1 and 6 Let us consider first the ions listed in figure 1 As 
can readily be noted those IS ions are the 15 possible combinations of 
methyl (— CHg), ethyl (—CHa— CH3) and ethanol (— CH.— CHnOH) 
groups m quaternary ammonium 10 ns Three of the 10 ns (I, V and 
VI) are commercially available (Eastman Chemicals), the other 12 
were synthetized m the laboratory by well-known methods 

The description of the experiment illustrated by figure 2 will also 
serve to outline the technique used in the majority of the experiments 
to be mentioned in this report The nerve was kept in a large volume 




Fig 2 Restoration of the ExaTABiiiTY of Nerve Fibers Deprived 
OF Sodium in a 0 11 M Solution of Tetramethyl- Ammonium 
Chloride (Fig 1, I) 

The diagram at the bottom indicates the interelectrode distances used The 
central segment (mp 2 ) was treated with Ringer’s solution (R), the peripheral 
segment (mrO with a 0 11 M solution of tetraethyl-ammonium chloride (V), no 
restoring solution was applied to the r(r 2 segment 

1 to 4, restoration of the central segment 1 and 3 spikes of fibers of fast con- 
duction recorded at point m, 2 and 4 spikes of fibers of slow conduction recorded at 
point m Record 3 was obtained at 5 26 p m The time lines 5 to 5 apply to the 
corresponding records 

P to iP, restoration of the peripheral segment The lower time line in record 
20 applies to records 14 to 16 the upper line to the other records of the senes P to 19 
9, lack of conducted response before the application of the restoring solution Note 
the upward drift of the base line, similar drifts appear m other records {13, 15, 16) 
as well as in records of other figures The drifts were referable to slow variations in 
the potential of the recording, silver-silver chloride electrodes, for this reason they 
were greatest immediately after each change in the solution in contact with the 
nerve, even when they were great they did not interfere with the observation of 
conducted responses 

In this and similar figures the composition of the solution m contact with the 
nerve is given on the upper left corner of the 1st record of each series (cf records 
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of a sodmm-free medium (OHM tetramethyl-ammomum chloride) for 
slightly over 29 hours, at the end of this time the nerve was mounted 
m a moist chamber resting upon the electrodes of the stimulating and 
recording circuits The arrangement of the electrodes is indicated in 
the diagram in figure 2 The central segment of the nerve (fig 2, 
below, mps) was placed in contact with Ringer’s solution and the re- 
covery of this segment was followed by recording the action potential 
of impulses initiated at electrode pi with the oscillograph connected to 
electrodes m and r^ Rectangular pulses of current were used to initi- 
ate the impulses Records 1 io 4 oi figure 2 illustrate two stages of the 
recovery of the fibers of fast conduction (records 1 and ?) and of those 
of slow conduction (records 2 and 4) One hour was allowed for the 
recovery of the central segment In experiments in which the nerves 
have been deprived of sodium for long periods of time the fibers of slow 
conduction begin to recover their excitability m the presence of sodium 
earlier than the fibers of fast conduction As a rule, nerve fibers begin 
to be able to conduct impulses within 6-8 minutes and the recovery 
becomes practically complete m about 1 hour 
Tests were then made, with the oscillograph connected to electrodes 
ri and T 2 , of the ability of the impulses initiated at electrode pi to 
propagate themselves into the peripheral segment Record P (fig 2) 
displays only the shock deflection, indicating that the segment of the 
nerve fibers that was still deprived of sodium was unable to conduct 
impulses The peripheral segment of the nerve (fig 2, below, mr 2 ) was 


1 , 9 , 10 ), the Roman numerals identify the ions listed in figures 1 and 6, R indi- 
cates Ringer’s solution Usually, the interval of time elapsed since a new test 
solution was applied is also given, for example V, 1 1 ' in record 10 indicates that the 
OHM solution of tetraethyl-ammonium chloride had been placed in contact with 
the nerve 1 1 minutes before record iO v\ as obtained The time at which the records 
were obtained is given with the records, when no time is given the record was ob- 
tained shortly after the preceding one When the interval of time elapsed be- 
tween successive records is significant it is given in seconds on the upper left corner 
of the records For example, record 9 of figure 4 was obtained at 11 32 p m and 
record 10 , 10 seconds later The amplification is given with the 1st record obtained 
at a new amplification, in mm deflection per mv input Thus, A 2 25 indicates 
that 1 mv corresponds to a deflection of 2 25 mm, when the records are reproduced 
so that the width of the records measures 32 mm 
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then placed in contact with a sodium-free “restoring” solution, that, m 
the experiment which is now under consideration, was a 0 11 M solu- 
tion of tetraethyl-ammonium chloride A few Et fibers became able to 
conduct impulses after the tetraethyl-ammonium ions had acted upon 
the nerve for 11 minutes (record W),ie ,m approximately the same 
interval of time that would have been necessary for the recovery to 
begin in the presence of sodium The number of responding fibers 
increased with advancing time (records 11, 12, 13), and after one hour 
the recovery became practically complete (records 17, 18) 



Fig 3 Restoration of the ability to conduct impulses to fibers of class Et, 
rendered inexcitable in a solution of ethyl-trimethyl-ammonium ions (record 1 ) by 
dimethyl-diethyl-ammonium ions (records 2 to 8 ) and by tetraeth 3 d-ammonium 
ions (records 9 to 16 ) The conduction distance for records 1 to 15 uas 33 mm, 
that for record 16 , S3 mm The amplification was constant (A 50) 


The experiments of the senes done with the use of the ions listed in 
figure 1 have shown (1) that those ions which have no ethyl group or 
only 1 ethyl group cannot substitute for sodium, while (2) those ions 
which have 2 or more ethyl groups substitute for sodium and restore 
the excitability of Et fibers The abihty to substitute for sodium in- 
creases with the number of ethyl groups attached to nitrogen Figures 
3 to 5 place this important fact in evidence 

In the experiment illustrated by figure 3 the nerve was rendered 
inexcitable in 0 11 M ethyl-trimethyl-ammonium chloride (fig 1, H) 
Restoration was effected with a 0 1 1 M solution of dimethyl-diethyl- 
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ammonium chloride (fig 1, III) The recovery began very promptly, 
since as is shown by record 2 a certain number of fibers became able to 
conduct impulses after the dimethyl-diethyl-ammomum ions had acted 
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Fig 4 Restoration of the Excitability of a Nerve Rendered 
Inexcitable in 0 11 M Ethyl-Trimethyl- ‘\mmonium Chloride 
1 and 3, responses recorded at point m, 38 minutes after the central segment had 
been placed in contact with Ringer’s solution, time line 2 (1000 cv) applies to record 
I, time line 4 (60 -t- 5 cy) to record 3 

5, absence of conducted response in the peripheral segment of the nerve, 6 to 14, 
restoration by diethanol-diethjl-ammomum, 15 to 27, enhancement of the restora- 
tion by ethanol-triethyl ammonium The amplification (A 50) and the sv eep 
speed (record 28) were constant for records 5 to 27 


upon the nerve for 6 minutes The number of conducting fibers in- 
creased progressively with advancing time (records j to (?) , neverthe- 
less, after the dimethyl-diethyl-ammomum ions had acted upon the 
nerve for 50 minutes, the response ceased to grow (records 7, S), thus 
indicating that those ions were able to restore the excitability of only 
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a relatively small number of Et fibers Tetraethyl-ammonium ions 
proved to be able rapidly to increase the number of conducting fibers 
(records P to 16) 

In the experiment illustrated by figure 4 the nerve was rendered 
inexcitable also in a 0 11 M solution of ethyl- trimethyl-ammoniuni 
ions Records 1 and 3 present spikes recorded at point m (cf fig 2, 
below) during the restoration of the central segment by Ringer’s 
solution Record 5 places the fact in evidence that no nerve impulse 
was able to propagate itself beyond point m into the peripheral seg- 
ment The restoration of this segment was begun with Oil M di- 
ethanol-diethyl-ammonium chloride (fig 1, XII) The diethanol-di- 
ethyl-ammonium ions were able to effect only a partial recovery, since 
only a discrete number of Et fibers became able to conduct impulses 
(records 6, 7, 8, 9, 11, 13) , in addition, the records of the pairs 9, 10, 
11, 12 and 13, 14, that were obtained at 10-second intervals, show that 
the restored fibers were exceedingly susceptible to fatigue A marked 
improvement of the recovery was effected by means of the ethyl homo- 
logue of choline This ion (fig 1, IX), that contains 3 ethyl groups, 
rapidly increased the number of conducting fibers, in addition, it en- 
abled the restored fibers to conduct impulses at 10-second intervals with 
but little fatigue (records 15 to 27) 

Figure 5 illustrates in a more direct manner the effect of replacing 
the methyl groups of choline by ethyl groups The experiment was 
done with the 2 sciatic nerves of a bullfrog The nerves were allowed 
to become inexcitable m a 0 1 1 M solution of choline chloride Records 
1 to 15 and 25, 26 illustrate the final stages of the development of in- 
excitability At the time when records 1 and 2 were obtained, nerve 
I had been in the choline chloride solution for approximately 14 hours 
No fiber of fast conduction was able to conduct impulses, but a signifi- 
cant number of fibers of slow conduction still was excitable Records 
3 to 15 show that the number of conducting fibers decreased with ad- 
vancing time, until at the time when records 13 to 15 were obtained 
only a few fibers were able to conduct impulses The peripheral seg- 
ment of the nerve was then placed m contact with a 0 11 solution of 
ethanol-triethyl-ammonium ions (fig 1, IX) with the result that the 
Et fibers rapidly regained their excitability (fig 5, 13 to 24) In the 
case of nerve II the restoration (fig 5, 27 to 36) was effected by means 
of n-propyl-tnethyl-ammonium ions (fig 6, XVII) 




Fig 5 Restoration or the Excitability of Paired Nerves Rendered 
Inexcitable in 0 11 M Choline Chloride 

The observations ■were begun after the central segments had performed com- 
plete recoveries in Ringer’s solution 

1 to 15 , terminal phases of the development of mexcitabihty of fibers of slow con- 
duction in nerve I (n I), time lines 9 and 11 correspond to records 1 , 3 , 5 , 7 , and 
13 , times lines 10 , 12 to records 2 , 4 , 6 , 8 and 14 , time line 16 to record 15 17 to 

24 , restoration of nerve I by ethanol-triethy-ammomum ions Records 17 to 22 
were obtained with the sweep speed of record 16 , and records 23 , 24 with the speed 
of record 12 

25 , 26 , terminal phases of the development of mexcitabihty of the fibers of slow 
conduction of nerve II (n II), 27 to 36 , restoration of nerve II by n-propyl-tri- 
ethyl-ammonium ions Records 25 to 34 were obtained with the sweep speed of 
record 37 , records 35 , 36 , with that of record 39 The conduction distance (33 
mm) and the amplification (A 50) were constant 
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Additional information was obtained in experiments done with the 
use of the ions listed m figure 6 Four of those ions are commercially 
available (V, XXII and XXIII, Eastman Chemicals, XXV, Merck), 
the others were synthetized m the laboratory by well-known methods 

It will be noted that all the ions listed m columns a, b and d of figure 
6 have 3 ethyl groups, all those ions are able to substitute for sodium, 
m so far as they restore the excitability of Et fibers that have become 
mexcitable m a sodium-free medium In view of this fact it may be 
assumed, with some assurance, that m general quaternary ammonium 
ions having 3 ethyl groups will be able to substitute for sodium The 
assumption, however, must be submitted to experimental test in each 
individual case, since the nature of the 4th group attached to nitrogen 
contributes to determining the properties of the ion, indeed, the 4th 
group may play a very important role 

For instance, m the series of ions listed m column a of figure 6 im- 
portant changes m properties result from lengthening the carbon chain 
of the 4th group from 1 to 6 atoms 

(a) The ability of ion V to restore the excitability of Et fibers de- 
prived of sodium IS considerably greater than that of ion IV The 
restoring abilities of ions V, XVI and XVII are approximately equal, 
and that of ion XVIII is only slightly weaker than that of ion V, but 
the properties of ion XIX are quite different from those of ion V It 
is true that ion XIX is able to restore the excitabihty of a number of 
Et fibers, but if it is allowed to act upon the nerve for longer than 60- 
90 minutes the Et fibers again become mexcitable, with the noteworthy 
peculiarity that the change produced by ion XIX m the Et fibers is not 
reversible by sodium, even though sodium is able to restore the ex- 
citability of the fibers of fast conduction 

(b) In a frog nerve kept m a 0 11 M solution of tetraethyl-am- 
monium chloride the A fibers maintain their membrane potential at the 
normal level, while nerves kept m 0 11 M solutions of the other ions 
listed m column a undergo a progressive depolarization The depolar- 
izing action of ion XVI is weak, while that of ion IV is quite strong, 
and m the senes of ions XVI to XIX the depolarizing action increases 
with increasing length of the carbon chain of the 4th group 

In reference to ions XX and XXI it will be sufficient to mention that 
ion XX is a very effective, restoring ion, but the restoring ability of 
ion XXI IS quite limited 
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A similar difference exists between the properties of ions IX, the 
ethyl homologue of chohne and XXIV, the ethyl homologue jof acetyl- 

a b C d 


j-Oi, 

^ -CHfCHj 
OifCH, 
N " ’ 


E 


XX 


-O 

CHj-CHj 

■CHfCHj 

-Olj-CHi 


-CHj-CHj 

5-01,-01, 

-CHj-CHj 

„-01,-CH, 


A-Olt-CH, 
■" -CH,-CHj 


XXI 


l-CHj-CHj 




IX 


HHz-CHjOH 

CHj-CHj 

CH2-CH3 

■01,-01, 


XVI 


KCH,),-CH, 
-CHj-CHj 
-CHj-CHj 
-CH,-CH, 


XXIt 


|-(CH,)rCH, 

KCH,VCH, 

KCH,),-CH, 

KCH,)2-CH, 


(tHjVCHj 

-CH,-CHj 

XWl 


E 


Wj-CH, 

(CH,), CH, 
1-(CH,),-CH, 
XXllI 


E 


-CH,-CH,-COO-CH, 

-CHj-CHj 

-Olj-CH, 

XXIV 


I Ol^-Qlj 
fCHj-CH, 


KH,-CH 

xvni 


3 


u 


Kch,)5-ch 

-CH,-CHj 

-CHj-Ol, 


3 


hCHrCH, 

XIX 



Fig 6 Quaternary Ammonium Ions of the Restoring Type 
The 10 ns m columns a, b and d have 3 ethvl groups, those in column c have no 
ethyl groups The formula of the acetylcholine ion (XX\0 is included solely for 
the purpose of comparison, since acetylcholine belongs to the inert group 


chohne (XXV) Ion IX is a powerful restoring agent (fig 5, J7 to 
24), but the restoring ability of ion XXIV is rather small 
In the experiment illustrated by figure 7 the nerve was rendered in- 
excitable in a Oil M solution of diethanol-dimethyl-ammonium 
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Records 1 and 3 present the action potentials recorded at point m 
(cf fig 2, below) after restoration of the central segment of the nerve 
by Ringer’s solution, and record 5 places the fact in evidence that no 
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Fig 7 Restoration of the Excitability of a Nerve Rendered 
Inexcitable in 0 1 1 M Diethanol-Dimethyl-Aumonium Chloride 
1 and 3, responses recorded at point m after restoration of the central segment by 
Ringer's solution, time line 2 (1000 cy) applies to record J, time line 4 (60 +5 cy) 
to record 3 

5, absence of conducted response in the peripheral segment of the nerve, 4 to 
J2, restoration by acetyl-oxyethyl-triethyl-ammonium ions (fig 6, XXI\0, ^3 to 
27, enhancement of the restoration by phenyl-triethyl-ammonium ions 

nerve impulse could propagate itself into the peripheral segment 
Ion XXIV was able to perform a restoration of excitability of Et 
fibers (records 6 to 9 ), but the number of responding fibers still was 
quite small (records 10 to 12 ) one hour after the nerve had been in con- 
tact with the restoring solution Records 10 to 12 give a measure of 
the degree of restoration that ion XXIV is able to perform Ion XX 
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rapidly increased the number of responding fibers (records 13 to 16), 
later, the response decreased progressively, an effect that was refer- 
able to certain peculiarities of the action upon nerve of phenyl-triethyl- 
ammonium, which cannot be discussed m this brief report 

An important fact is that restoration of excitability of Et fibers de- 
prived of sodium can be effected by means of ions XXII (tetrapropyl- 
ammonium) and XXIII (tetrabutyl-ammonium), i e , by means of 
quaternary ammonium ions that do not contain ethyl groups Also 
important is, probably, the fact that the restoring ability of ion XXIII 
IS greater than that of ion XXII 

The experiment illustrated by figure 8 was done with the 2 sciatic 
nerves of a bullfrog The nerves were rendered mexcitable in 0 11 
M diethanol-dimethyl-ammonium chlonde The restoration by tetra- 
n-butyl-ammonium ions began approximately as fast as if tetraethyl- 
ammonium ions had been used It is true that no nerve fiber had 
regained its ability to conduct after 7 minutes (record J), but a signifi- 
cant number of fibers regained their ability to conduct in 14 minutes 
(record 4) The restored response rapidly increased in size to become 
maximal in 19 minutes (record P) As is shown by records 5 to 8, 
the restored fibers were able to conduct impulses at 10-second mter- 
vals with but little fatigue Soon thereafter, the restored response 
began to decrease (records P to 12, 13 to 15), and 55 minutes after the 
restoring solution had come in contact with the nerve the Et fibers 
were again mexcitable The explanation of this fact is that ultimately 
tetra-n-butyl-ammonium ions cause a depolarization of the nerve 
fibers 

The restoring action of tetra-n-propyl-ammomum ions began at a 
very low rate (fig 8 , 19 to 24), after 1 hour the response still was quite 
small and the restored fibers were very susceptible to fatigue (records 
25 to 28) The nerve was then placed m contact with the 0 11 M 
solution of tetra-n-butyl-ammonium chloride, whereby a rapid en- 
hancement of the recovery was produced In 7 minutes the tetra-n- 
butyl-ammonium ions were able to increase the number of conducting 
fibers (cf records 25 and 29) and markedly to dimmish their fatigabil- 
ity (records 29 to 32) The restored response still increased in size 
during the following 10 minutes (records 33 to 36 ) , thereafter the re- 
sponse decreased (records 37 to 39) and soon all the nerve fibers proved 
to be mexcitable (record 40) 
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Since ions XXII and XXIII are able to restore the excitability of 
Et fibers deprived of sodium, it is clear that the restoring ability of 
ions that contain 2 or more ethyl groups cannot be explained in terms 



Fig 8 Restoration of the Excitability of the Peripheral Segment 
OF Nerves Rendered Inexcitable in 0 11 M Diethanol-dimethyl- 

Ammonium Chloride 

1, absence of conducted response in the peripheral segment, 3 to 16 , restoration 
by tetra-n-butyl-ammonium ions 

17 , absence of conducted response m the peripheral segment, 22 to 28 restora- 
tion by tetra-n-propyl-ammonium ions, 29 to 40 , effect of tetra-n-butyl-ammonium 
ions 


of a specific property of the ethyl group Thus, the initial working 
hypothesis had to be discarded and a new one had to be made in order 
to plan further experimental work 
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Let us consider the experimental facts that served to build up a new 
hypothesis In the first place, the fact is significant that the number 
of quaternary ammonium ions that can substitute for sodium is great, 
indeed, among the ions listed m figures 1 and 6 no less than 15 are able 
to restore the ability to conduct impulses to Et fibers deprived of so- 
dium Since the nitrogen nucleus is the only thing that all those ions 
have in common, it must be concluded that the ability of a quaternary 
ammonium ion to substitute for sodium is not directly dependent upon 
a specific group being attached to nitrogen The ability to substitute 
for sodium is a property that tetracovalent nitrogen has when one of a 
number of combinations of groups with 2 or more carbon atoms are 
attached to it 

A further clue to the understanding of the problem is the fact that 
the restoring quaternary ammonium ions produce important changes 
in the properties of the nerve fibers The experiment illustrated by 
figure 9 was designed with the purpose of demonstrating the fact in a 
clear manner 

The nerve was rendered mexcitable m 0 11 M diethanol-dimethyl- 
ammonium chloride The central segment (cf fig 2, below, mp 2 ) was 
restored with Ringer’s solution Records 1 to 8 present the action 
potentials of impulses initiated at point pi and recorded at point m 1 
hour after placing the central segment in contact with Ringer’s solu- 
tion The spike in record 1 was produced by the fibers of the A group , 
the spikes in records J to <? by fibers of slow conduction The strength 
of the stimulus was increased progressively from record 2 to records 7 
and 8 Under the conditions of the experiment, fibers of the C group 
do not begin to respond until the stimulus reaches strength 4 It will 
be noted that record 8 was obtained at a smaller sweep speed than 
records 2 to 7 

Records 13 to 23 present spikes recorded at point ri (cf fig 2, below) 
after restoration of the excitability of the peripheral segment by tetra- 
ethyl-ammonium ions From the strength of the stimuli used for the 
individual records, it follows that the conducted responses in records 
13, 14, 18 and 19 included spikes of fibers of the B group only, while 
the responses in the other records also included spikes of fibers of the 
C group Thus, in spite of the great difference in the speed of con- 
duction of B and C fibers in normal nerve, after restoration by tetra- 
ethyl-ammomum ions the B and the C fibers were conducting impulses 
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Fig 9 Restoration or the Excitability of a Nerve Rendered Inexcitabie 
IN Oil M DiETHANOL-DniETHYL- Ammonium Chloride 
1 to 8, conducted responses recorded at point m after restoration of the central 
segment by Ringer's solution Time line 9 applies to record 1, time line 12 to 
record 8 and time lines 10, 11, to records 2 to 7 The strength of stimulation is 
indicated in arbitrary units m the upper left corner of the records 

13 to 23, conducted responses in the peripheral segment at 2 stages of the restora- 
tion by tetraethyl-ammonium ions Time line 24 applies to records 13 to 23 
25 to 31 and 33 to 39, spikes of the fibers of slow conduction recorded again at 
point m after the action of tetraethyl-ammonium ions Time line 32 applies to 
records 25 to 31, time line 40, to records 33 to 39 
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at speeds of the same order of magmtude Furthermore, the speeds of 
conduction were exceedingly small, since m segment mri the fastest 
among the restored fibers were conducting at the rate of about 30-35 
millimeters (stc) per second In normal nerve the low threshold B 
fibers conduct at the rate of 3 m per second, and the low threshold C 
fibers at the rate of 0 8 m per second Therefore, in nerve restored by 
tetraethyl-ammomum the speed of conduction is tremendously re- 
duced, more so in the case of the B than in that of the C fibers 
Two other important changes in the properties of the nerve fibers 
are illustrated by records 25 to 39 These records present the spikes 
recorded at point m after the tetraethyl-ammomum ions had acted 
upon the mrs segment for 80 minutes Since the segment pim had 
been kept in contact with Ringer’s solution, the differences between 
records 2 to 5 and 25 to 39 may be regarded as a rather accurate 
measure of the changes in the properties of the nerve fibers that had 
been brought about by tetraethyl-ammomum ions A comparison of, 
for example, records 8 and 39 readily shows that tetraethyl-ammomum 
ions had produced a tremendous lengthening of the duration of the 
spike of the action potential, as well as a marked increase in the height 
of the action potential Therefore, no doubt can exist that the tetra- 
ethyl-ammonium ions had modified in an important manner those 
electrochemical reactions that underlie the production of the nerve 
impulse In view of the experimental observations we may accept 
the proposition that tetraethyl-ammomum ions had been incorporated 
in the electrochemical mechanisms of the nerve fibers and had partici- 
pated in a changed physiology of the fibers 
We may now build up a working hypothesis Since the effect of re- 
storing quaternary ammonium ions upon nerve is different from that of 
sodium, It IS clear that the restoring ions do not substitute directly for 
sodium We must believe rather that the restoring ions substitute for 
chemical species that the metabolic mechanisms of the nerve fibers 
synthetize by means of chemical reactions m which sodium takes part 
In the absence of sodium the existing stores of those substances are 
progressively exhausted with the result that the nerve fibers become 
inexcitable The restoring quaternary ammomum ions can substitute 
for the imssing chemical species because they have a similar chermcal 
structure 
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This working hypothesis is, indeed, far reaching It postulates that 
tetracovalent (pentavalent) nitrogen plays an essential role in nerve 
physiology The hypothesis also is very attractive, for the reason that 
it suggests a possible mechanism for the establishment of electric double 
layers in the nerve membrane 

Compounds containing trivalent nitrogen are weak bases, while the 
introduction of a 4th group, linked to nitrogen by covalency, results in 
an enormous increase in basicity and consequently m the appearance 
of electrovalent linkages For this reason, a chemical reaction that 
results in the change of an amine into a quaternary ammonium base is 
a reaction that results m the creation of ions, i e , in the appearance of 
charged particles of opposite signs, where previously electrically neutral 
compounds were present Thus, we may assume that chemical re- 
actions that result in a change of tncovalent nitrogen into tetracovalent 
nitrogen participate in the establishment of electric double layers in the 
nerve membrane 

Whether or not the new working hypothesis will withstand the im- 
pact of experimental tests is a question that only future research may 
answer, but, however the question may be answered, the working hy- 
pothesis has already played the useful role of leading to profitable 
research along 2 different lines 

Since none of the restoring ions listed in figures 1 and 6 is a naturally 
occurring substance, it is clear that the working hypothesis would not 
rest upon solid ground until proof had been obtained that quaternary 
ammonium ions of the restoring type can be prepared from substances 
known to exist in nervous tissue For this reason experiments were 
conducted with the quaternary ammonium ions listed in figures 10 
and 11 One of the ions listed in figure 10, thiamine, is commercially 
available, the others were synthetized in the laboratory 

Thiamine (fig 10, XXVI) is not able to substitute for sodium If 
a nerve that has become inexcitable in a sodium-free medium is placed 
in contact with OHM thiamine chloride, no nerve fiber regains its 
excitability, but if thereafter the nerve is placed in contact with 0 11 
M tetraethyl-ammonium chloride the Et fibers rapidly become able to 
conduct impulses Therefore, thiamine, if its action upon nerve is not 
prolonged beyond 1 hour, plays the role of an inert ion, it maintains the 
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osmotic equilibrium of the nerve fibers, but it cannot restore the ex- 
citability of nerve fibers deprived of sodium 
The quaternary ammonium ions derived from pyridine, niacinam- 
ide and coramine (fig 10, XXVII to XXIX) are inert ions, they do 
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not restore the excitabihty of nerve fibers deprived of sodium, nor do 
they prevent later restoration by tetraethyl-ammomum 
The quaternary ammonium ion derived from piperidine (fig 10, 
XXX) is active, as should be expected from the fact that it contains 
2 ethyl groups The abihty of diethyl-piperidme to substitute for 
sodium IS quite limited, as a matter of fact it is smaller than that of 
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dimethyl-diethylammomum (fig 1, III) On the other hand, if di- 
ethyl-piperidine is allowed to act upon the nerve for longer than 1 hour 
it causes an irreversible change in the Et fibers, which is not produced 
by dimethyl-diethyl-ammonium After diethyl-piperidme has acted 
upon the nerve longer than 1 hour the excitability of the Et fibers can- 
not be restored by tetraethyl-ammonium, and even sodium can effect 
only a slow recovery 

For the purpose of comparison the formula of ion XVI (n-propyl- 
triethyl-ammomum) has been included in figure 10 The properties of 
n-propyl-triethyl-ammonium closely resemble those of tetraethyl- 
ammonium (cf fig 5, 25 to 36) One can think of ion XXX as having 
been derived from ion XVI by linking the n-propyl and 1 ethyl group 
to form a five-membered ring The introduction of this link results in 
an essential change in the biological properties of ion XVI, which is a 
further example of the dependence of the properties of quaternary 
ammonium ions upon the nature of the groups attached to nitrogen 

Quaternary ammonium ions of the restoring type have been pre- 
pared from 1 (+) lysine and from histamine by submitting these sub- 
stances to the action of boiling ethyl iodide in the presence of potassium 
hydroxide The resulting quaternary ammonium bases were isolated 
as ferrocyanates (see later) 

In the case of lysine it is probable that 7 ethyl groups became at- 
tached to the molecule, 3 to each nitrogen and 1 to the carboxyl group, 
but since the resulting compound was treated with silver oxide to 
liberate the base and the base was then isolated as the ferrocyanate in 
the presence of 1 5 N sulphuric acid, it may be taken for granted that 
the ethyl ester was hydrolyzed and consequently the end of the lysine 
group acquired betaine structure The validity of the formula given 
in figure 11, XXXI will have to be confirmed by chemical analysis of 
the base that was used for the experiment illustrated by figure 12, 
for the purpose of the present discussion, however, it is sufficient to 
know that lysine can be ethylated to become a strong base that is pre- 
cipitated from acid solution by potassium ferrocyamde and that is 
able to restore the excitability of Et fibers deprived of sodium 

The base resulting from ethylation of histamine has not been ana- 
lyzed yet It probably is one of the 2 bases listed in figure 11, XXXII, 
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a and b To know the e\act formula of the ethylated compound is not 
essential at this time For the purpose of the present discussion it is 
sufficient to know that histamine can be converted into a strong^base, 
(£1 (a) 
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Fig 11 Quaternary Ammonium Ions of the Restoring Type Derived from 
1 (+) Lysine (XXXI) and from Histamine (XXXII) 

The formula of ion XIX is included for the purpose of comparison 


that is precipitated from acid solution by potassium ferrocyanide and 
that IS able to restore the excitability of nerve fibers deprived of sodium 
The effect of ethylated lysine upon frog nerve deprived of sodium is 
illustrated by figure 12 The nerve was allowed to become inexcitable 
in 0 1 1 M diethanol-dimethyl-ammonium chloride The observations 
Y\ere begun after the central segment of the nerve had performed a 
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successful recovery m Ringer’s solution Record 1 shows that no 
nerve fiber was able to conduct impulses into the peripheral segment 
A 0 1 1 M solution of the chloride of ethylated lysine (titrated as the 
chloride of a monoacid base) was then applied to the peripheral seg- 



Fig 12 Restoration of the Excitability of the Peripheral Segment of a 
Nerve, Rendered Inexcitable in 0 1 1 M Diethanol-Dubethyl-Ammonium 

Chloride 

1, absence of conducted response m the peripheral segment, 3 to 28 , restoration 
of the excitability of Et fibers by ethylated lysine (fig 11, XXXI) 

ment of the nerve No conducted response was observed 5 minutes 
later (record 3), but after 13 additional minutes a number of Et fibers 
proved to be able to conduct impulses (record 4) The number of re- 
sponding fibers increased with advancing time (records 5,9,13, 17, U 
and Z5), and the restored fibers were able to conduct impulses at 10- 
second intervals with but little fatigue The height of the response m 
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recore 25 indicates that ethylated lysine had restored the excitability 
of at least the majority, and probably of the totahty of Et fibers 

For the purposes of comparison, the formula of ion XIX (n-hexyl- 
triethyl-ammonium) has been included m figure 11 As already men- 
tioned, the properties of ion XIX are quite different from those of 
tetraethyl-ammonium, therefore, the fact is worthy of emphasis that 
the properties of tetraethyl-ammonium are obtained again by replacing 
the 2 last carbons of the n-hexyl group by the betaine structure that 
appears in figure 12, XXXI 

The effect of ethylated histamine upon frog nerve deprived of sodium 
is illustrated by figure 13 The nerve was allowed to become mexcit- 
able m 0 1 1 M diethanol-dimethyl-ammonium chlonde The restora- 
tion was effected with a 0 11 M solution of the chloride of ethylated 
histamine (titrated as the chloride of a monoacid base) No conducted 
response was observed 1 1 minutes after the solution had been placed in 
contact with the nerve (record 4), but 11 minutes later a large number 
of Et fibers were able to conduct impulses (records 5 to S) The 
height of the conducted response increased progressively with ad- 
vancing time (records 9 to 24 ) , in part the increase was referable to an 
increase in the number of responding fibers, but after the action of 
ethylated hitamme had lasted for an hour the further increase m the 
spike height undoubtedly was due to an increase in the height of the 
individual fiber spikes In support of this conclusion there are 2 
facts (1) the speed of conduction decreased progressively (cf records 
5, 9, 13, 17, 21), and (2) the spike was followed by a very large negative 
after-potential (records 25 to 27) Also, the L fraction of the mem- 
brane potential of the A fibers underwent a great increase Ethylated 
histamine, therefore, was producing those changes in the properties of 
the nen'^e fibers which are so characteristic of the action of tetraethyl- 
ammonium, the only difference was that the changes produced by 
etliylated histamine were even greater than those which are produced 
bj tetraethyl-ammonium 

The ner\ e was finally placed in contact ivith Rmger’s solution, and, 
as vas expected, the speed of conduction undenvent a marked in- 
crease (cf records 29 to 31 with 21 to 24) The spike height also in- 
creased, vhich probabE vas referable to a diminution of the effect of 
temporal dispersion of the indmdual fiber spikes With advancing 
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Fig 13 Restoration or the Excitabiuty of the Peripheral Segment of a 
Nerve Rendered Inexcitable in 0 11 M Diethanol-Dimethyl-Ammonium 

Chloride 

1, absence of response in the peripheral segment of the nerve, 4 to 27 restoration 
of the excitability of Et fibers by ethylated histamine The amplification nas 
consttint (A 50) Records 1 to 24 were obtained with the sweep speed of record 
2, records 25 to 27 with that of record 28 29 to 36 , restoration by Ringer’s solu- 

tion Time line 32 applies to records 29 to 31 , 34 and 36 , the time line below 
record 33 to records 33 and 35 
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time, the height of the Et spike decreased progressively, as is shown by 
records 34 and 36, tending to reach the height that it has m normal 
nerve Obviously, the changes in the properties of the nerve fibers 
produced by ethylated histamine disappeared progressively in the 
presence of sodium Records 33 and 35 illustrate 2 stages of the re- 
coveries of the fibers of fast conduction 

Emphasis may be placed upon the similarity that exists between 
the effects upon nerve of ethylated histamine and of tetraethyl- 
ammonium Also worthy of emphasis is the fact that beta-phenyl- 
ethyl-triethyl-ammonium (fig 6, XXI) and ethylated histamine have 
different properties The ability of beta-phenylethyl-triethyl-am- 
monium to restore Et fibers deprived of sodium is quite limited, fur- 
thermore, beta-phenylethyl-triethyl-ammonium after it has acted upon 
the nerve for about one hour makes the restored fibers inexcitable and 
prevents restoration by tetraethyl-ammonium Ethylated histamine 
IS a very powerful restoring agent that maintains the excitability of 
the restored fibers for at least several hours 

There can be no doubt that the preparation of quaternary ammo- 
nium ions of the restoring type from naturally occurring substances 
makes the working hypothesis plausible Indeed, the fact that a re- 
storing ion can be prepared from lysine suggests this possibility, that 
the basic end groups of protein molecules could be places where amino- 
nitrogen is converted into tetracovalent nitrogen and conversely 

Let us consider now the second research that has been directed by the 
working hypothesis, namely the search for quaternary ammonium ions 
of the restoring tjqie in nervous tissue Obviously, if quaternary am- 
monium ions with properties resembling those of the restoring ions 
should participate in nerve function, the direct manner of demonstrat- 
ing their existence would be to isolate them from nervous tissue The 
isolation has been accomplished 

A. remarkable property of the restoring ions has made the isolation 
a relatively easy task As was discovered by E Fischer (1878), potas- 
sium ferroc 3 'anide precipitates quaternary ammonium bases from 
strongl}’^ acid solution It has appeared, however, that the reaction is 
not unnersal, since there are quaternar}'’ ammonium bases that are 
not precipitated b} potassium ferroc 3 "anide Remarkable enough, 
cliohne and acet 3 Ichohne are not precipitated, even not from concen- 
trated solutions, vhile practicall 3 all the quaternar 3 '- ammonium ions 
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of the restoring type are precipitated from dilute solutions For this 
reason, it was expected that if quaternary ammonium ions of the re- 
storing type were present m nervous tissue it would be possible to 
isolate them in the form of ferrocyanates 

Ox brains (5 kg ) were minced in 5 1 of distilled water and concen- 
trated hydrochloric acid was added to make the mixture approximately 
0 1 N in HCl The mixture was boiled under a reflux condenser for 4 
hours The filtrate was submitted to the various steps of the Kossel- 
Kutscher procedure for isolation of the basic ammo acids (cf Winter- 
stem, ’33), except that the precipitation with silver sulphate was ef- 
fected at pH 9 After the removal of barium and silver, the filtrate 
was concentrated on the water bath to a thin syrup (approximately 
200 ml ), and after addition of sulphuric acid to pH 0 5 small volumes 
of a saturated solution of potassium ferrocyanide were added until no 
further precipitation occurred The precipitate was suspended m 
water, the ferrocyanide was removed with copper sulphate, the excess 
copper and the sulphate with barium hydroxide, and the slight excess 
of barium with carbon dioxide Hydrochloric acid was added to pH 
5 and the solution was boiled for a few minutes The solution was 
evaporated on the water bath and the residue was extracted with a 
small volume of boiling methyl alcohol The methyl alcohol solution 
was evaporated and the residue dried in vacuum at 80°C The resi- 
due consisted in part of a crystalline powder, probably white, and m 
part of an amorphous greenish-yellow material Both substances 
proved to be very soluble in water, readily soluble m methyl alcohol 
and almost insoluble in cold ethyl alcohol No attempt was made to 
separate the two substances Finally, the residue was dissolved in a 
small amount of water 

The solution proved to contain the chloride of a base that is strong, 
since the solution was practically neutral (pH 6 7) For its use m 
experiments on nerve the volume of the solution was adjusted so that 
the concentration of Cl" ions became 0 1 N The volume of the solu- 
tion was then 21 ml , thus, on the assumption that the active substance 
is a monoacid base, the yield of the extraction from 5 kg of brains was 
approximately 2 millimoles Appropriate tests showed that the solu- 
tion contained only traces of potassium and of sodium, i e , that these 
2 ions were present only in amounts many times smaller than those 
which still have demonstrable effect upon frog nerve 
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The effect of the e\tract upon Et fibers deprived of sodium is il- 
lustrated by figure 14, that reproduces records obtained in 2 different 
experiments (/ to 16 and 17 to 11 ) In the 2 cases the nerves were 
allowed to become mexcitable in 0 11 M diethanol-dimethyl-ammo- 
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Fig 14 Restoration of the Excitabilitx of Ner\es Rendered Inexcitable 
IN Oil Isl Diethanol-Dimethxl-Ammonium Chloride 
1 inrl 17, absence of conducted response in the peripheral segments of the nerves, 
) to 1^5 md 19 to 30, restoration of the cxcitabihu of Et fibers by the base con- 
tained in brain extract 4, 31, spike of the fibers of slow conduction after restora- 
tion b\ Ringer’s solution The sweep speed and the amplification (A 50) were 
constant 


mum chloride (records 1 and 17 ) The restoration of the ability of Et 
fibers to conduct impulses did not begin as rapidlj as it usually does 
when 0 11 tetraeth} 1-ammonium chlonde is used, but in both cases 
a number of Et fibers i\ere found to be able to conduct impulses 20 
minutes after the brain extract had been placed m contact with the 
nerxe (records 3 6 21 ) In both cases the conducted response in- 
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creased with advancing time (records 5 to P, 21 to 25), later, the re- 
sponse decreased in size progressively (records 11 to 16, 27 to 3G), 
a phenomenon that is not observed with tetraethyl-ammonium, but is 
produced by other restoring ions (cf figs 7 and 8) It will be noted 
that the speed of conduction of the restored fibers was exceedingly low, 
which is one of the most pronounced features of the action upon nerve 
of restoring quaternary ammonium ions 

In the second experiment the peripheral segment of the nerve was 
treated with Ringer’s solution after it had been in contact with the 
brain extract for one hour The speed of conduction and the spike 
height were observed to increase progressively, record 31 presents the 
fully recovered spike of the fibers of slow conduction A comparison 
of records 25 and 31 shows that the extract had restored the excita- 
bility of an important number of Et fibers 

In view of these results there can be no doubt that the extract con- 
tains a substance that has properties similar to those of quaternary 
ammonium ions of the restoring type In one important respect, how- 
ever, the naturally occurring substance differs from the restoring ions 
listed in figures 1, 6, 10 and II The brain extract restores to fibers 
of fast conduction (A fibers) the ability to produce impulses 

Figure 15 reproduces records of electrotonic potentials in the peri- 
pheral segments of 2 nerves The potentials were produced by rec- 
tangular pulses of current and were recorded at 6 mm from the polarizing 
electrode Records 1 to 4 define the state of the fibers of fast con- 
duction of the 2 nerves before the application of the restoring solutions 
In one case (records 5 to 8) the restoration was effected with ethylated 
lysine (cf fig 12), and in the other case (records 9 to 24), with the brain 
extract (cf fig 14, 1 to 16) 

Ethylated lysine did not produce any readily detectable change in 
the recorded potentials, in particular, the rounded corner of the de- 
flection produced by the break of the anodal current (records 5 to 8) 
was a proof that the A fibers failed to produce impulses in response to 
the break of the current The brain extract, however, caused impor- 
tant changes In the first place, attention will be called upon the fact 
that the corners of the deflections in records 9 to 12 are quite sharp, 
the fact indicates that certain features of the electrotonic potential of 
normal nerve had been restored by the extract On the other hand, 
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Fig 15 Comparison of the Effects of Ethylated Lysine and of Brain 
Entract 4 UPON THE Electrotonic Potentials Produced in the 
Peripheral Segment of the Nery'e by Applied Currents 
J to 4, electrotonic potentials recorded before the application of the test solu- 
tions, 5 to S, effect of ethi lated I 3 sine, P to 24, effect of brain extract 4 Note the 
spikes of A fibers superposed upon the decay of the anelectrotonus in records 
16, 20, 21 and 24 


impulses were produced by A fibers in response to the break of the 
anodal current, proxuded only that the state of the nerve had been im- 
proved by a preceding penod of anodal polarization In the case of 
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records 13 and 17 few fibers, if any, produced impulses, but m the case 
of records 16 , 20 , 21 and 24 there is no doubt that a significant number 
of A fibers responded to the break of the current, since unmistakable 
spikes appear superposed upon the deflection produced by the decay 
of the anelectrotonus Clearly, after the brain extract had acted 
upon the nerve the periods of anodal polarization that were used to 
obtain records 14 , 15 , 18, 19 and 22, 23 improved the state of the nerve 
fibers to the extent that nerve impulses could be produced (cf Lorente 
de No, ’47, Chapter XIII) 

Identification of the active substance by chemical analysis has not 
been done yet, consequently, the nature of the substance is still un- 
known As a matter of fact, m view of the results of experiments 
done with the use of another brain extract it seems plausible to believe 
that two substances with somewhat difi'erent properties are present m 
the extracts But, however this may ultimately prove to be, there 
can be no doubt that at least one substance can be extracted from the 
ox brain that m all probability is a quaternary ammonium base and 
is different from choline, acetylcholine and thiamine, both in chemical 
and in biological properties The substance extracted from the ox 
brain restores the excitability of frog nerve fibers deprived of sodium 
Therefore, it is logical to conclude that the substance participates in 
the accomplishment of nerve function, but only future research may 
disclose the intimate details of the mode of action of the naturally oc- 
curring substance or substances and of the mode of action of the re- 
storing ions listed in figures 1,6, 10 and 11 

The problem presented by the differences in the actions of quater- 
nary ammonium ions upon frog nerve is only a new aspect of an old 
problem, that of the relationship of chemical structure to biological 
action In a masterly lecture Sir Henry Dale (’20), making specific 
reference to the then known differences between the pharmacological 
actions of tetramethyl-ammonmm and tetraethyl-ammonium (cf 
Burn and Dale, ’15), used these words “A few years ago, in discuss- 
ing this curious contrast between the methyl and ethyl ammonium 
bases, I ventured to say that it was as mysterious as the physiological 
contrast between sodium and potassium ” No more graphic state- 
ment of the nature of the problem could be made today 

That in its action upon nerve tetraethyl-ammonium resembles 
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sodium need not be mentioned again The action of tetramethyl- 
ammonmm does not resemble that of potassium, but a number of 
quaternary ammonium ions exert a depolarizing action upon nerve, so 
that, in this respect, their action resembles that of potassium Re- 
markably enough, in spite of differences in the abilities of the ions to 
substitute for sodium m experiments of short duration, OHM solu- 
tions of the chlorides of all the ions listed in diagonal 4,d of figure 1 
are powerful depolarizing agents, to the extent that 3 of them cause 
disintegration of the nerve membrane even faster than OHM potas- 
sium chloride 

The question as to why the properties of tetracovalent nitrogen may 
vary so widely, depending upon the nature of the groups attached to it, 
undoubtedly will address serious challenges to theoretical chemists 
Probably, the action of many additional ions will have to be investi- 
gated before the number of series of ions with gradual structural dif- 
ferences, that has been submitted to experimental analysis, becomes 
sufficient for a successful theoretical study 

There still is one question that should be discussed in this report, 
the action of acetylcholine upon peripheral nerve fibers The formula 
of acetylcholine has been included in figure 6 within a frame in order to 
emphasize the fact that acetylcholine does not belong to the class of 
restoring ions On the contrary, acetylcholine is one of the inert ions, 
provided only that its enzymatic hydrolysis be prevented by means of 
a cholinesterase inhibitor Certain experimental observations may be 
recalled here (cf Lorente de No, ’47, section IV, 7) 

If minute amounts of an esterase inhibitor, eserine, prostigmine or 
di-isopropyl-fluorophosphate, are added to a solution of acetylcholine, 
the solution proves to have no direct action upon the nerve fibers, even 
when the solution is isosraotic with Ringer’s solution To be sure, an 
isosmotic solution of acetylcholine ultimately renders the nerve fibers 
inexcitable, because it is a sodium-free medium, but if the solution con- 
tains sodium ions at the concentration 0 022 M the nerve fibers remain 
excitable for at least 24 hours in the presence of acetylcholine (1 6 per 
cent), provided only that, be it repeated, the solution contains a chloin- 
esterase inhibitor at concentrations of the order of magnitude of those 
which are sufficient to inhibit cholinesterase in in vitro experiments 
Therefore it must be concluded that acetylcholine has no demonstrable 



528 


R LORENTE DE NO 


action upon the mechanism that underlies the production of the nerve 
impulse, nor upon the mechanism that maintains the resting membrane 
potential In so far as peripheral nerve is concerned, and as far as 
present-day methods go, acetylcholine is an inert substance 
An entirely different situation prevails if the experiments are done 
m the absence of a cholinesterase inhibitor It is true that acetyl- 
choline, at concentrations up to the indeed high concentration of 0 2- 
0 3 percent, fails to have a demonstrable action upon peripheral nerve, 
in the absence as well as m the presence of an esterase inhibitor, at 
higher concentrations, however, acetylcholine produces a progressive 
depolarization of the nerve fibers, and soon the nerve fibers become in- 
excitable Obviously, uninhibited cholinesterase splits acetylcholine 
to yield one or more substances that exert a deleterious action upon 
nerve One of the products of the hydrolysis of acetylcholine is choline 
(fig 1, VI), which IS an inert ion, therefore, the active substance must 
be the other product of the hydrolysis, acetic acid As a matter of 
fact, appropriate experiments have demonstrated that, in contrast with 
the effect of certain other organic acids, acetic acid exerts a deleterious 
action upon nerve (Lorente de No, ’47, section III, 7) Thus, there 
can be no doubt that both acetylcholine and the cholinesterase in- 
hibitors (eserine, prostigmine and di-isopropyl-fluorophosphate) pene- 
trate into the nerve fibers, at least as far as is necessary to reach the 
cholinesterase On the other hand, the fact that the ethyl homologue 
of acetylcholine is a restoring ion (fig 7, 5 to 12 ) leaves no theoretical 
reason to support the assumption that acetylcholine would not pene- 
trate into the nerve fibers Thus, the only permissible statement is 
that, m regard to peripheral nerve, acetylcholine is an inert substance 
Th elack of demonstrable action of acetylcholine itself upon periph- 
eral nerve stands in sharpest contrast with the exceedingly powerful 
action that minute concentrations of acetylcholine have upon the 
heart and upon the synaptic junctions, among others of muscle and of 
sympathetic ganglia This difference between the action of acetyl- 
choline upon nerve and upon synaptic junctions is one of the funda- 
mental facts of neurophysiology The fact is an important part of 
the foundation upon which Loewi (’33) and Dale (’37) based their 
concept of synaptic transmission Later work has only increased the 
importance of the fact Therefore, in concluding, I may state that 
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the difference between the actions of acetylcholine upon nerve and upon 
the synaptic junctions must be regarded, now more than ever, as one of 
the basic facts of neurophysiology 

SUMMARY 

An analysis has been made of the effect upon the excitabihty of frog 
nerve fibers depnved of sodium of 33 quaternary ammonium ions and 
of a base extracted from the ox brain, which in all probability also is a 
quaternary ammonium ion 

LITERATURE CITED 

Burn, J H and Sir H Dale 1915 The action of certain quaternary ammonium 
bases J Pharmacol and Exp Therap , 6, 417-438 
Dale, Sir H 1920 Chemical structure and physiological action Johns Hopkins 
Hospital BuU, 31, 373-380 

Dale, Sir H 1937 Transmission of nervous effect by acetylcholine The 
Harvey Lectures, 37, 229-245 

Fischer, E 1878 Ueber einige Verbindungen der Aminbasen mit Ferrocyan- 
wasserstoffsaure Ann d Chem , 190, 184-187 
Lobente de No, R 1944 Effects of choline and acetylcholine chloride upon 
peripheral nerve fibers J Cell and Corap Physiol , 24, 85-97 
Lorente DE No, R 1947 A Study of Nerve Physiology The Studies from The 
Rockefeller Institute for Medical Research, 131 and 132 
Loeivi, 0 1933 Humoral transmission of nervous impulse The Harvey 

Lectures, 28, 218-243 

Overton, E 1902 Beitrage zur allgemeinen Muskel und Nervenphysiologie 
II Mittheilung Ueber die Unentbehrlichkeit von Natrium- (oder Lithium-) 
lonen fur den Contractionsact des Muskels Arch f Physiol , 92, 346-386 
WiNTERSTEiN, A 1933 Aminosauten Handbuch der Pflanzenanalyse, her- 
ausgep von G Klein, 4, 1, 1-180 

DISCUSSION 

S W KUFFLER 

{From the Wtlmer InsMtile, The Johns Hopkins Hospital) 

This work on quaternary ammonium compounds opens up valuable 
new approaches to nerve physiology It wiU certainly stimulate profit- 
able new experiments along diverse hnes 

In previous studies Lorente de No estabhshed that Na+ ions are not 
essential for the maintenance of the nerve membrane potential 
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Further, a nerve depolarized by KCl may regain its polarized state in 
the absence of Na+ ions, e g while surrounded by 2 5 per cent chohne 
chloride in distilled water or acetylchohne in similar concentrations 
Na+ ions, however, appeared to play an essential role in the produc- 
tion of propagated responses 

The experiments reported in Dr Lorente’s paper are a logical con- 
tinuation and extension of those studies They also represent an im- 
portant step in the direction of correlating structural composition of 
pharmacological substances, with physiological function Similar at- 
tempts have been notoriously unsuccessful in the past and have 
prompted A J Clark to a statement which read somewhat as follows 
“Sufficient work on the correlation of structure and action has been 
done to make clear the extent of our ignorance m this field ” 

From these or previous studies, it is not known how long it takes to 
remove sodium from nerve, if it is surrounded by solutions lacking 
this ion It would therefore be interesting to correlate the actual 
sodium content with the ability of nerve to conduct impulses Should 
all appreciable amounts of sodium disappear within several hours, then 
it would demonstrate that (i) Na'*" ions are not indispensable for con- 
duction It would also further support the assumption that (a) stores 
of essential “products” or metabolites, which depend for their synthesis 
on Na+ ions, get depleted during those remaining hours of conduction 
in the absence of sodium In this connection, the following findings 
of Tobias are of interest, namely that muscles soaked in distilled water 
for 5-48 hours lose all their potassium, but still retain some sodium 
together with an appreciable membrane potential of 10-30 mV Fur- 
her, sodium may be practically absent in certain silkworm pupae while 
conduction apparently exists 

Dr Lorente’s experiments do not favour a view that in meduUated 
nerve conduction a potassium-sodium exchange takes place during 
nerve impulses 

That quaternary ammomum ions enter into the mechanism of nerve 
impulse production is clear from the profound modifications which they 
effect on the conduction mechanism As Dr Lorente points out, how- 
ever, this does not prove that they normally take part in those proc- 
esses It need not be assumed that a great variety of ions, of different 
composition, could not act in a similar manner This aspect of the 
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problem is well on the way to solution through the studies using bram 
extracts 

One of the most interesting suggestions emerging from this study is 
the possible mode of creation of electric double layers by compounds 
which apparently occur normally in nervous tissue The transforma- 
tion of tncovalent nitrogen compounds into tetracovalent ones during 
the recovery phase, e g of depolarized nerve, would adduce strong evi- 
dence m support of such a mechanism Studies with heavy mtrogen 
may be most useful in this approach 
The selective effect of tetraethyl-ammonium compounds on nerves 
of different diameter and conduction velocities supplies us with a valu- 
able new tool of investigation of the properties of these fibers Con- 
duction veloaties as low as 30 mm/sec have never been observed be- 
fore m vertebrate nerve Such drastic changes are of interest, since 
the mode of propagation must be profoundly altered 
The failure of tetraethyl-ammonium to restore the large diameter A 
fibers while bram extracts will be effective is an indication that the 
latter may eventually yield a senes of interesting compounds 
The problem of penetration of the diverse compounds into the nerve 
fibers has not been taken up in this short paper Injection of radio- 
active matenal, or soaking of nerves in it, would undoubtedly help in 
determmmg the extent to which the quaternary ammonium com- 
pounds participate m nervous activity All these possibihties have 
been opened up by Dr Lorente’s recent work 
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Ill ACETYLCHOLINE AS A PHARMACOLOGICAL AGENT 

THEODORE KOPPANYI 

(Department of Pharmacology and Matena Medica, Georgetown University School of 

Medicine, Washington, DC) 

Acetylcholine has been assigned the important physiological role of 
chemical mediator of parasympathetic postganglionic, autonomic pre- 
ganglionic (synaptic) and motor nerve impulses The theory of this 
chemical mediation is based partly on the recovery of acetylcholine in 
the venous effluent from the stimulated effector structures and partly 
on the similarity of physiological response to nerve stimulation and to 
acetylcholine injection Nachmansohn and Rothenberg (34) hold 
that the theory of acetylcholine being involved m the chemical medi- 
ation of nerve impulse to the effectors is based essentially on pharmaco- 
logical evidence which does not permit conclusions as to the site of the 
physiological action of acetylcholine It is well known that these 
investigators assign to acetylcholine a physiological r61e in nerve con- 
duction and state that the release and the removal of this substance 
are essential factors in conduction These authors believe that the 
theory of acetylchohne as a transmitter is deduced purely from the 
pharmacological action of acetylcholine, and do not appear to attach 
significance to the recovery of acetylchohne in the venous effluent from 
stimulated, cholinergically innervated structures (m contrast to 
adrenergically innervated structures) 

The protagonists of the transmitter theory maintain that sufficient 
evidence exists for the role of acetylchohne as a chemical mediator, 
even if the pharmacological action of acetylcholine and the physiologi- 
cal effects of nerve stimulation should prove to be not exactly identical 
They have recently attributed additional rdles to acetylcholme in 
nervous activity, claiming that it is the neurohormone of the central 
nervous system According to Gray (14), intra-arterial injection of 
acetylchohne into the skin produces in cats and dogs discharge of fast 
sensory nerve impulses lasting for several seconds He suggests that 
sensory endmgs, like the central ends of postganglionic fibers and motor 
end-plates, may be specialized to facihtate the starting of propagated 
responses 



ACETYLCHOLINE AS A PHARMACOLOGICAL AGENT 


533 


WTiether one adheres to the Loewi-Dale theory of chemical mediation 
or to the Nachmansohn theory of conduction, the fact remains, and is 
admitted by both, that acetylcholine has an important physiological 
role in the activity of the nervous system, and has clearly defined and 
predictable pharmacological actions Therefore, it is imperative to 
assemble and cntically examine the major experimental evidence 
relative to the pharmacological action of injected acetylchohne 

For the sake of brevity, it is impossible to review many important 
effects of acetylcholine, such as its influence on the activation of 
marine eggs, on the light-dark-adapted retina, on the cord activity of 
earthworms, or on the genital organs of male ammals m conjunction 
with the effect of sex hormones 

Since acetylcholine is rapidly destroyed by the chohnesterase system, 
the most reliable results are obtained when the drug is mjected directly 
into the blood vessels Pharmacologists, like physiologists, are inter- 
ested in the chohnesterase problem, particularly m chohnesterase 
inhibitors (reversible and irreversible), because they find that not only 
the effects of cholinergic nerve stimulation, but also those of mjected 
acetylchohne are prolonged, potentiated or otherwise modified by anti- 
cholinesterases It may be convenient to distinguish between two 
types of cholmesterases (a) ^'specific chohnesterase,"'^ the enzyme 
present in the effector organ and responsible for termmatmg acetyl- 
chohne effect upon any specific stimulated structure, (b) “transport 
chohnesterase," the enzyme with which the drug comes in contact 
before reaching the responsive structures It is also responsible for the 
destruction of any acetylchohne that might escape hydrolysis by the 
specific cholmesterase The term “essential chohnesterase" should be 
reserved for those fractions of specific and transport cholinesterases 
that hmit the magnitude and persistence of acetylchohne effect on any 
given structure, e g sum total of chohnesterase concerned with vaso- 
depressor effects of acetylcholme 

This review of acetylchohne effects on the various systems differen- 
tiates, whenever possible, between the muscarimc and mcotimc effects 
of this drug 

^ It IS unfortunate that true cholmesterase is occasionally referred to as “specific 
cholmesterase ” 
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A ALIMENTARY TRACT 

Intravenous or mtra-artenal injection of acetylcholine increases the 
tone, the rhythmic contractions, and the penstaltic activity of the 
gastrointestinal tract Localized contraction rings and violent spasm, 
followed by defecation or diarrhea, may also result from acetylchohne 
injection Mohtor (33) found that acetylchohne, in concentrations of 
0 001 mg percent, increases the amplitude and frequency of the move- 
ments of isolated rabbit intestine, and also m non-anesthetized dogs it 
produces vomitmg and defecation The minimum effective cathartic 
dose of acetylchohne in dogs is, according to Mohtor, 0 8 mg /kg upon 
subcutaneous, and 40 mg /kg upon oral administration We found 
that in non-anesthetized dogs (six animals) doses of 1 mg /kg or less 
failed to produce defecation (intravenous administration) Intra- 
venous doses of 2 5 mg /kg or more were necessary to produce nausea 
and vomiting (probably central effects) In man, Weiss and Elhs (43) 
found that a 2 percent solution of acetylchohne injected intravenously 
at a rate of from 0 02 to 0 14 Gm per mmute produced nausea and 
vomiting Carmichael and Fraser (8) did not observe nausea and 
vomitmg in similar expenments (different injection rates?) 

Atropine abohshes the pendulum and peristaltic movements and 
lowers the tonus Only the admimstration of optimum amounts of 
antichohnesterases (01 to 1 0 mg /kg of hexaethyltetraphosphate 
(“KEPT”), or tetraethylpyrophosphate (“TEPP”), can restore the 
tone and estabhsh rhythmic movements m atropmized animals In 
most mammals premedicated with atropine and cholinesterase in- 
hibitors, massive doses of acetylchohne may only increase the tone 
without increasing the rhythrmc or peristaltic activity Close intra- 
arterial injection of “TEPP” produces marked intestinal stimulation 
in atropmized animals 

Experiments on atropmized ammals reveal that there is no funda- 
mental difference between the effects of peripheral vagus stimulation 
and of acetylchohne injection on the gastric and duodenal tonus and 
motihty In twelve dogs the following results were obtamed 

a Atropine administered intravenously in doses from 1 to 10 mg /kg uni- 
formly produced a lowermg of the tone and stoppage of motility Duo- 
denal motility was recorded by a tambour connected with a balloon mserted 
through the stomach mto the duodenum 
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Fic 1 Dog, 8 6 kg , 35 mg of sodium pentobarbital, 0 1 mg of atropine sulfate and 0 5 mg of prostigmme per kilogram by vein 

A, line indicating injection of drugs B, time, 2 seconds, base line representing zero mm of Hg pressure C, blood pressure 
tracing from the common carotid artery D, tracing of duodenal motility 

1, 0 05 mg of acetylcholine chloride II, 0 05 mg of acetyl-beta-methyl-choline chloride III, 0 1 mg of acetylcholine chlo- 
ride IV, 0 3 mg of acetylcholine chloride V, following 3 0 mg of nicotine salicylate, 0 1 mg of acetylcholine chloride 
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b Simultaneous faradic stimulation of both vagi initiated duodenal contrac- 
tions in only two of twelve dogs, and m only six of o\ er one hundred faradic 
stimulations 

c Large doses of acetylcholine (2 5 to 5 0 mg /kg ) increased the tonus m 
eight of twelve dogs 

d When these animals were given large amounts of “HETP” or “TEPP" 
vagus stimulation and acetylcholine injection often produced both increase 
in tonus and motility 

e Acetylcholine in the presence of 0 1 mg /kg of atropine and of 0 5 mg /kg 
of physostigmme or neostigmine produced pressor (nicotinic) effects pre- 
ceded by a fall of blood pressure (muscarinic effects) Under these con- 
ditions, vasodepression was accompanied by stimulation of intestinal activ- 
ity, while the marked pressor effect was accompanied by unmistakable 
intestinal relaxation (epmephrine-like effect) (Fig 1) 
f Large amounts of nicotine (5 to 10 mg /kg ) abolished both the pressor and 
the intestinal inhibiting effects of acetylcholine 

The intestinal relaxation must be looked upon as a true nicotinic 
effect of acetylcholine It was also observed by Hoffmann et al (15), 
who demonstrated that the perfusion of isolated mammalian hearts 
with acetylcholine solutions, producing positive mo- and chronotropic 
effects (nicotinic action), results in the perfusate acquiring the property 
of relaxing the rectal cecum of the fowl and the small intestine of the 
rabbit 

The observations that in some atropinized animals large doses of 
acetylcholine increased intestinal tone and motility, while in others 
produced pure relaxation, are not contradictory when it is realized that 
the former represent a “breaking through” of the muscarinic effect 
commonly seen m other systems as well 

Salivary secretion is readily produced by intravenous injection of 
acetylcholine both in animals and in man Premedication with sub- 
minimal doses of anticholinesterases makes the flow more copious and 
lasting 

Wilkinson (45) investigated the effect of subcutaneous doses of 
acetylcholine (0 1 to 0 2 Gm , total) on gastric secretion m normal and 
ill human subjects In the majority of normal cases he found an 
increase of the free and total gastric acidity In pathological con- 
ditions (pernicous anemia, secondary anemia, ulcers with acid hyper- 
secretion) variable results were obtained In mucous colitis, acetyl- 
choline failed to increase free hydrochloric acid, but produced an 
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increase m the total gastric chlorides Atropine prevented or abruptly 
terminated the efltects of acetylcholine Necheles, Motel and Kosse 
(35) compared the effects of acetylcholine, methacholme, and neostig- 
mine on gastric secretion, and found that acetylcholine was the weakest 
stimulant among the drugs employed Subcutaneous doses (0 1 to 0 4 
Gm , total) caused a distinct increase in volume of gastric juice, and of 
acid and pepsin secretion of the Heidenham pouch in dogs The 
maximum effect was obtained 30 minutes after injection and lasted for 
over an hour Neostigmine produced similar results and appeared to 
enhance the effects of acetylcholine 

Stavraky (40) injected acetylcholine into the gastrosplemc artery and 
reported an increased secretion of alkaline gastric juice, at times as 
high as pH 8 9 This secretion apparently originates from the inner 
third of the glands of the body of the stomach along the greater curva- 
ture and the chief cells of the neck Stavraky (40) states that acetyl- 
choline IS not a powerful stimulant for hydrochloric acid, and a 
preexisting secretory activity in the stomach is needed for its acid- 
stimulating effect In excessive doses, or by intra-arterial injection 
(particularly m a quiescent stomach), acetylcholine induces alkahne 
secretion It may be conjectured that the acid-stiraulating effect is 
a muscarinic action, while the alkaline secretion is possibly nicotinic 

Villaret and Justm-Besancon (42) observed in dogs, following intra- 
x^enous injection of acetylcholine, an abundant secretion of pancreatic 
juice rich in lipase and amylase 

B HEART AND PERIPHERAL CIRCULATION 

Acetylcholine in small doses produces a fall of blood pressure without 
cardiac inhibition, indeed, a reflex acceleration of the heart more often 
occurs Larger doses (0 005 or 0 01 mg /kg or higher) produce cardiac 
slowing and even asystole In animals in which the negative chrono- 
tropic (vagal) effect has been abolished by atropine or by methylene 
blue- (IMcDowall, 28), acetylcholine in doses of 0 25 mg /kg or more 
produces a nicotinic tjqie of cardiac acceleration 

-In this laboratory ve vere unable to demonstrate in anesthetized dogs an 
atropine-like effect of methi lene blue in doses from 2 5 to 60 0 mg /kg given by 
\ein Rather the methjlene blue appeared to increase the vasodepressor and 
negatn e chronotropic effects of acetylcholine 
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Cardiac acceleration m atropinized animals also may be produced by 
vagus stimulation This may be due either to a true nicotinic effect of 
liberated acetylcholine, or to stimulation of accelerator fibers running 
m the vagus trunks, which are alleged to possess a low threshold of 
irritability Cardiac acceleration produced by vagus stimulation, or 
by injection of nicotinic doses of acetylcholine, may be enhanced by 
cholinesterase inhibitors, by cocaine, and abolished by paralytic doses 
of nicotine and curare (Fig 2 shows a typical experiment m which 
the pressor effect following peripheral vagus stimulation was abolished 
by a large dose of nicotine Five mg /kg of neostigmine restored the 
vagus effect as well as the nicotinic effect of acetylcholine, which was 
likewise abolished by the large dose of nicotine ) 

The cause of cardiac acceleration following the injection of large 
doses of acetylcholine m atropinized animals appears to be a nicotinic 
effect, although the experimental evidence is conflicting McDowall 

(28) states that the stimulating action may be observed also following 
the administration of nicotine in doses sufficient to paralyze the auto- 
nomic ganglia He believes that this is a direct action on the cardiac 
muscle Hoffmann, et al (15), and McNamara, Krop and McKay 

(29) , on the other hand, report that the positive mo- and chronotropic 
effects of acetylcholine are abolished by ganglionic paralyzants such as 
nicotine, curare, and dimethylpipendine The latter drugs do not 
modify the effect of epinephrine on the heart The bulk of evidence, 
therefore, indicates that the stimulating action of acetylcholine is not 
a direct one on the myocardium 

Electrocardiographic analysis of the action of intravenously injected 
acetjdchohne on the heart was first reported by Goldenberg and 
Rothberger (13) They observed a decrease in amplitude (notching) 
and even a diphasic appearance of the P waves With progressively 
larger doses, A-V block (two auricular beats to one ventricular beat), 
with auricular fibrillation (up to rates of 1800 beats per minute) 
occurred Return to normal sinus rhythm proceeded through the 
stages of coarser and slower fibrillation and flutter These experiments 
were essentially confirmed by Noth, Essex, and Barnes (36) 

In this laborator}’-, electrocardiographic studies were made of the 
effects of 5 0 mg /kg of intravenously injected acetylcholine in dogs 
narcotized with pentobarbital sodium Some animals were premedi- 
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Gated with 0 05 mg /kg of physostigmme At first the control leads 
were taken During and following injection a continuous tracing of 
Lead 2 was made In the non-physostigmmized animals there was an 
immediate period of complete auricular and ventricular asystole lasting 
about three seconds Then followed a high-grade partial heart block, 
gradually subsiding, as shown by the increased number of responses of 
the ventricles to the auricles Then a period of very rapid sinus 
tachycardia was recorded, which gradually became slower Shortly 
after the onset of tachycardia, a downward RST displacement became 
evident At the greatest degree of this displacement, the T wave 
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Fig 3 Dog, 10 8 kg Pentobarbital sodium anesthesia Leads 1, 2, and 3 
before the injection of acetylcholine 


became inverted With the decrease in heart rate, the RST displace- 
ment lessened and the terminal portion of the T wave became upright 
The tracings contain evidence of complete suppression of both the S-A 
and A-V nodes, with indications that the sinus node recovers before the 
A-V node (Figs 3 and 4) 

The appearance of the downward displacement of the RST segment 
represents an injury effect in the muscle closest to the endocardial 
surface This injury is probably due to ischemia of the heart muscle 
resulting from the asystohc period and not from coronary constriction 
caused by acetylcholine Katz, et al (16) have shown that this drug 
in the cat may cause coronary vasoconstriction, but in the dog produces 
only coronary vasodilation 
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In dogs premedicated with physostigmme, the electrocardiographic 
changes are more intense Complete asystole may last for 50 seconds 
Idioventricular rhythm then appears, at first very slow (8 beats per 
minute), but becoming progressively faster With the advent of idio- 
ventricular rhythm, the auricles begin to fibriUate Later, the fibnl- 



Fig 4 Dog, 10 8 kg Pentobarbital sodium anesthesia Continuous tracing 
of Lead 2 during and after the intravenous injection of 5 0 mg /kg of acetylcholine 
chloride The first seven strips are continuous, the eighth strip was taken five 
minutes after the seventh 

lation becomes coarser and the sinus node eventually resumes control 
of the auricles in the presence of complete A-V dissociation In some 
instances, the A-V node never recovers, as manifested by the lack of any 
ventricular responses to the auricles, either when fibrillation is present, 
or later when the sinus node begins to initiate auricular beats The 
idioventricular pacemaker is below the bifurcation of the bundle of His 
(1 igs 5 and 6) 
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Acetylcholine is the most potent vasodilator and vasodepressant 
agent when administered intravenously With larger doses, the vaso- 
depression represents a combination of vasodilation and cardiac inhi- 
bition Figs 7 and 8 illustrate the type and duration of the vasode- 
pressor effects of acetylcholine, with gradually increasing doses the 



Fig 5 Dog, 112 kg Pentobarbital sodium anesthesia 0 05 mg /kg 
physostigmine sulfate by vein Leads 1, 2 and 3 prior to the injection of acetyl- 
choline 


blood pressure fall becomes greater and the recovery period more pro- 
longed Cholinesterase inhibitors intensify these effects 

Acetylcholine has a nicotinic effect on the peripheral circulation, as 
It has on the heart This nicotinic effect, consisting of vasoconstriction 
and elevation of blood pressure, is best seen if the muscarinic effects 
on the heart and blood pressure are prevented by previously admims- 







Fig 6 Dog, 11 2 kg Pentobarbital sodium anesthesia, and premedication 
With 0 05 mg /kg ph\sostigmme sulfate bj' %ein Continuous tracing of Lead 2 
during and after intra\cnous injection of 5 0 mg /kg of acetjlcholine chloride 
'Ihe first ten strips are continuous, the eleienth taken fi\c minutes after the tenth 
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tered atropine It is possible, however, to obtain a secondary rise in 
blood pressure following the initial fall by large doses of acetylcholine 
in cocainized dogs not previously atropinized (Fig 9) 

The vasopressor effect of acetylcholine is intensified by cholinesterase 
inhibitors and abolished by ganglionic depressants such as nicotine, 



Fig 7 Dog, male, wt 14 1 kg 35 mg per kg of sodium pentobarbital anes- 
thesia by vein Upper line — mean arterial blood pressure, second line — base line 
and time signal (time 5 seconds), lowermost line — injection marks 

I 0 001 mg per kg of acetylcholine chloride by vein II 0 01 mg per kg of 
acet 3 dcholine chloride by vein III 0 1 mg per kg of acetylcholine chloride by 
vein (Respiratory stimulation ) IV 1 0 mg per kg of acetylcholine chloride 
by vein (Respiratory stimulation ) 


curare preparations, and dimethylpiperidines (Koppanyi, Linegar and 
Herwick, 23), (Koppanyi and Vivino, 25), and (McNamara, Krop and 
McKay, 29) The pressor effects produced by acetylcholine are pre- 
served following removal of the carotid sinuses, the central nervous 
system, the adrenal glands, the liver, and/or clamping of the abdominal 
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Fig 9 Dog, male, wt 17 2 kg 35 mg per kg of sodium pentobarbital anes- 
thesia by vein 5 mg per kg of cocaine hydrochloride by muscle Upper line- 
duodenal motility, second line — ^mean arterial blood pressure, third line — base line 
and time signal (time 5 seconds), lowermost line — injection marks 

I Faradic stimulation of peripheral vagus 4 IT 2 5 mg per kg of acetyl- 
choline chloride, by vein 
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aorta at the level of the diaphragm Upon the removal of the thoracic 
sympathetic chain and the superior cervical ganglia, acetylcholine does 
not produce pressor effects or other mcotimc actions following clamping 
of the abdominal aorta 

The pressor substance, or substances, released as a result of acetyl- 
choline injection may be transferred from one animal to another by a 
method of interrupted blood transfusion, producing pressor effects in a 
non-atropinized, but cocaini/ed recipient (Koppanyi, Lmegar and 
Herwick, 23) 

There is little doubt, therefore, that the same factor causing cardiac 
acceleration is also responsible for the pressor effect of acetylcholine 
McNamara, Krop and McKay, (29) made the interesting observation 
that calcium restores the pressor effect of acetylcliohnc following its 
abolition by nicotine or dimethylpipendine In this connection, it 
may be recalled that Lmegar (27) has shown that barium restores the 
pressor effect of acetylcholine after it has been abolished by the admin- 
istration of ergotamine Large doses of antiesterases have similar 
effects 

C RESPUi/VTION 

Acetylcholine, even in small doses, may reflexly increase the rate and 
depth of respiration, due to its vasodepressor action In atropimzed 
animals, the effects on the respiration are purely nicotinic and consist 
of marked but fairly fleeting respiratory stimulation, followed by 
depression Koppanyi, Lmegar and Herwick (23) have shown that 
the respiratory effects of acetylcholine are greatly enhanced by previous 
administration of antiesterases and by cocaine Koppanju and 
Lmegar (22) reported that, when the carotid bodies are removed and 
the vagi sectioned above the ganglia nodosa, acetylcholine did not 
produce respiratory stimulation (in cats and dogs) Paralytic doses of 
ganglionic poisons (nicotine, dimethylpipendmes) diminished or 
abolished the “nicotinic” respiratory stimulating action of acetyl- 
choline It IS obvious, therefore, that respiratory effects of acetyl- 
choline are due to the stimulation of the chemoreceptors which mor- 
phologically may be equivalents of sympathetic ganglia or chromaffin 
cells It does not necessarily follow, however, that acetylcholine is the 
chemical mediator to the chemoreceptors 
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It IS remarkable that acetylcholine, even when injected intravenously 
(m dogs) in massive doses up to 25 mg /kg , has only a very fleeting 
bronchoconstrictor effect It seldom lasts for over 30 seconds 
Perhaps the nicotinic effects tending to produce bronchial dilatation 
oppose the muscarinic spasm It may be interesting to note that some 
of the reversible and irreversible cholinesterase inhibitors, when given 
m large doses, may produce death by bronchial constriction even in 
atropinized animals, so that artificial respiration is necessary to keep 
them alive (Koppanyi, et al , 20) and (King, et al , 17) 

Weiss and Ellis (43) and also Carmichael and Fraser (8) reported 
that the intravenous injection of large amounts of acetylcholine (as 
much as 0 5 mg /kg ) in human beings produced sensations of ob- 
structed breathing, constriction in the chest, burning in the throat, and 
a desire to cough Coughing was most noticeable in individuals suffer- 
ing from respiratory infections The cough could be voluntarily sup- 
pressed When small amounts of physostigmine were given prior to 
acetylcholine, the symptoms were accentuated and lasted longer In 
most subjects the rate and depth of respiration increased 

D SKELETAL MUSCLE 

The classical researches of Brown, Dale and Feldberg (6) established 
that when acetylcholine is injected directly into the empty arteries of 
the mammalian muscle it causes contraction at not less than half the 
speed of the maximal motor nerve twitch An amount of 2 gammas is 
adequate to produce contractions With small doses of physostigmine 
(from 0 1 to 0 3 mg /kg ), the response to a maximal nerve volley 
changed from a simple twitch to a repetitive tetanus-like effect The 
tension was twice or more that of the normal twitch Similarly, small 
or moderate doses of physostigmine potentiated the effect of acetyl- 
chohne on the muscle These authors suggest that acetylcholine is 
involved in the chemical transmission of impulses from nerve to volun- 
tary muscle and emphasize the importance of the choice of anesthetic 

for the success of such experiments 

Maurer (30), who carried out brief tetanic stimulation of the tibial 
nerve in narcotized cats, has shown, in accordance with other authors, 
that large doses of physostigmine prevent rather than enhance the 
muscle effects of acetylcholine In animals anesthetized with pento- 
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barbital, atropinized or non-atropinized, all but the initial response to 
indirect stimulation of the nerve or to acetylcholine was abolished after 
12 mg of physostigmine per kg In animals anesthetized with ethyl 
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Fig 10 Cat, 2 5 kg Anesthesia — 95 per cent ethyl alcohol (7 5 cc per kg bj’- 
mouth) 1 0 mg per kg of atropine sulfate bv vein Direct and indirect single 
shock and tetanic stimulations before physostigmine administration and following 
the intravenous injection of 0 2 mg per kg , 2 0 mg per kg , and 3 0 mg per kg of 
phj'sostigmine 
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alcohol, with or without atropine, response to indirect stimulation was 
greatly reduced or abolished with as little as 2 0 mg /kg of physostig- 
mine (Fig 10) Initial responses were abolished only after from 
80-100 mg of physostigmine Continuous perfusion of the muscle 
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With acetylcholine solutions also reduced or inhibited the responses to 
tibial stimulation 

Lands (26) demonstrated that the well-known phenomenon of 
acetylcho me-contracture of the rectus muscle of the frog is potentiated 
by physostigmme, abolished by curare, and to a lesser extent also by 
atropine The latter drugs do not influence the response of the muscle 
to potassium 

Mique (32) has shown that diisopropyl fluorophosphate (“DFP”) 
enhances the response of the frog rectus muscle to acetylcholine, but 
not to neostigmine, physostigmme or trimethylamine Riker and 
Wescoe (38) found that many cholinesterase inhibitors potentiate the 
effect of acetylcholine on the mammalian skeletal muscle, but that 
neostigmine also possesses an independent stimulating effect 

When acetylcholine is given in large doses to anesthetized animals, 
fasciculations and muscle twitches are frequently observed These 
effects are exaggerated after premedication with esterase inhibitors 
In the unanesthetized mammal and bird, the intravenous injection of 
large doses of acetylchohne, from 1 5 mg /kg upward, produces ex- 
tensor rigidity of the limbs, but whether these effects are muscular, 
central or asphyxial still remains to be determined (According to 
Duke-Elder, extra-ocular striated muscles contract following injection 
of acetylchohne by vein ) 


E EYE 

The muscarinic action of acetylchohne on the eye should result in 
constriction of the pupil, spasm of accommodation, false myopia, and 
lowering of intraocular tension As a matter of fact, acetylchohne has 
been given clinically as a miotic by subconjunctival injection Accord- 
ing to Mohtor (33), acetylchohne when instilled into the rabbit’s con- 
junctival sac, even in a 5 percent solution, produces no miosis except 
when the eyelid is gently massaged following instillation (ACh, due 
to its vasodilator effect, is said to have distinct therapeutic effects in 
tobacco amblyopia and retrobulbar optic neuritis (Duggan) ) 

In a number of un anesthetized rabbits, we endeavored to elicit the 
muscarinic effects of acetylchohne on the eye upon mstillat on of a 5 
percent solution into the conjunctival sac, but were unable to observe 
miosis even after prolonged massage When acetylchohne was injected 
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intravenously into unanesthetized dogs, in no instance was it possible 
to demonstrate pupillary constriction Following mjection of doses 
of from 0 5 to 15 0 mg /kg mydnasis occurred m every case The 
only way m which it was possible to produce imosis in rabbits was by 
Koppanyi’s method (19) of intraocular injection of 0 05 cc of a 5 per- 
cent acetylchohne solution into the anterior chamber This resulted 
in maMTmim miosis Within three minutes after injection The intra- 
ocular adm nistration of solutions of similar pH ranges produced no 
comparable effects 

The mcotinic effect of acetylchohne on the eye consists of pupillary 
dilation, shght exophthalmos, widening of the palpebral fissure, and 
withdrawal of the nictitating membrane These effects can be demon- 
strated in atropmized animals with doses of acetylchohne of about 0 5 
mg /kg or more If atropmized animals are given anticholinesterases, 
smaller doses of acetylchohne hkewise produce nicotimc effects 
Whether the pupillary dilatation seen following intravenous injection 
of from 1 0 to 25 0 mg /kg of acetylchohne into non-atropmized ani- 
mals IS due to anoxia (cardiac asystole and bronchospasm), to excite- 
ment, or to true nicotinic effects, has not been determined 

The action of acetylchohne on the eye is thus mainly mcotinic This 
point may be illustrated in pigeons receiving 5 0 mg /kg of acetyl- 
chohne by vein, in which, unlike in dogs and rabbits, a prompt pupillary 
constriction was observed m each case Miosis in pigeons is, of course, 
a mcotinic and not a muscarinic effect, smce the sph ncter of their ins 
consists of striated muscle (Koppanyi and Sun, 23) 

Sympathetic ganglia are involved in the production of mydriasis and 
of other signs of sympathetic ocular stimulation, smce Bacq (2) and 
also Koppanyi, et al (20) have been unable to detect signs of mcotinic 
stimulation of the dilator muscle of the ins and of the orbital smooth 
muscles foUowmg complete sympathetic ganglionectomy, or followmg 
the injection of paralytic doses of nicotine (Koppanyi, et al 20) 

It should be pointed out that proven miosis with acetylcholme has 
been produced only by subconjunctival, intraocular or intracarotid 
(homolateral miosis) injection (Battro and Lanari (3, 4)) This indi- 
cates clearly that large doses of acetylchohne cause imosis only when 
they come m contact with the parasympathetic effectors in the sphinc- 
ter muscle before they can affect the S3nnpathetic gangha 
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F URINE SECRETION 

Intravenous injection of acetylcholine (Pickford (37)) causes a 
temporary inhibition of water diuresis in unanesthetized dogs This 
inhibitory effect is absent after the removal of the posterior lobe of the 
hypophysis Pickford postulated that this inhibition is produced by 
an effect of acetylcholine on the central nervous system, leading to an 
“outpour” of the postpituitaiy antidiuretic hormone into the circu- 
lation In order to test the hypothesis that acetylchohne plays a role 
in transmitting the impulse in the hj^iothalamus, she injected the drug 
into the supraoptic nucleus of anesthetized dogs whose kidneys had 
been denervated and were in a state of water diuresis This procedure 
resulted in a prompt inhibition of urme secretion This action was 
prolonged by the addition of physostigmine, which alone also causes 
some inhibition of water diuresis The inhibition of water diuresis is 
neither circulatory nor renal since in every case it is prevented by 
hypophysectomy 

The inhibition of water diuresis is not inconsistent with an effect of 
large doses of acetylcholine in unanesthetized dogs, resultmg in mic- 
turition This IS undoubtedly due to a muscarinic effect on the body 
of the bladder and a subsequent rise in the intravesical pressure 

Note The intravenous injection of small or moderate doses of acetyl- 
choline into multiparous or pregnant rabbits causes a firm spasm of 
the uterus This muscarinic effect is prevented by previous atropini- 
zation If, however, large doses of acetylchohne (0 5 mg /kg or more) 
are injected into these atropmized animals the same type of spasm is 
ehcited This is a nicotinic action due to stimulation of the motor 
sympathetic supply to the uterus It is potentiated by physostigmme 
and abolished by large doses of nicotine Here we have an example 
where the outward manifestation of muscarinic and nicotinic effects 
are exactly alike, while the mechanism of action is different 

G CENTRAL FTERVOUS SYSTEM 

Early observers studying the central action of acetylchohne gener- 
ally reported depressant effects from acetylchohne Schweitzer and 
Wright (39) and other authors demonstrated that under certain con- 
ditions this drug depressed spinal reflexes Somewhat later, however, 
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it became mcreasmgly obvious that acetylchohne, particularly in 
physostigmimzed animals, produced on local application to the cerebral 
cortex, or following intracarotid injection, tremors, extensor rigidity 
of the lim bs, excitement, and evfen convulsions, indicating facilitation 
of transmission at cortical synapses 

The cortical stimulating action of acetylcholine and of some cholines- 
terase inhibitors was further substantiated by electrocorticographic 
studies Acetylcholine produced on local application to the cortex, in 
animals not previously treated with chohnesterase inhibitors, a slight 
reduction in amphtude of the slow waves (MiUer, Stavraky and Woon- 
ton, 31) In animals previously treated with physostigmme, acetyl- 
cholme, when applied in small amounts (0 2-1 0 percent solutions) to 
the cortex, produced large, rapid spikes, prevented or abohshed by 
atropine Chatfield and Dempsey (9), on the other hand, found no 
noticeable changes in action potentials when acetylcholine alone was 
applied to the cortex If such application, however, followed treat- 
ment of the cortex with a one percent solution of neostigmine, the spon- 
taneous bursts increased in size and the individual potentials within 
the burst became larger and sharper, assuming a spike shape Spikes 
also appeared between the bursts until a continuous series of spikes 
appeared Such spikes appeared upon local application to the “acous- 
tic,” “somesthetic” and “motor” cortex, but not to the “association” 
cortex 

Brenner and Merritt (5) found that only 2 5 to 10 percent solutions 
of acetylcholine applied to the cortex induced high potential slow and 
spiked formations Darrow, et al (10) suggest that tachycardia dunng 
hyperventilation is responsible for the slowing of the brain waves 
Stimulation of the cut facial nerves (chohnergic innervation to the pial 
vessels) reduced or prevented slow waves Physostigmme acted simi- 
larly, while atropine enhanced the effects opposed by facial nerve 
stimulation or by physostigmme These authors demonstrated a 
parasympathetic influence on the electrical activity of the cortex and 
implied that such influence may affect cerebral metabohsm and cir- 
culation 

Brenner and Merritt (5) and Darrow, et al (10) suggest that small 
amounts of acetylchohne have an indirect muscarinic (vascular, etc ) 
action on the cortex, while larger amounts have a direct nicotinic action 
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on synaptic transmission In any event, it appears that acetylcholine 
applied locally to the motor cortex or administered by injection pro- 
duces EEG changes charactenstic of “grand mal” epilepsy and of the 
effects of convulsant drugs 

Stavraky (4;0) and Fischer and Stavraky (12) have shown that re- 
moval of various portions of the cerebral hemispheres resulted in a 
prolonged sensitization of the remaining parts of the central nervous 
system to intravenous doses of acetylcholine Motor responses fol- 
lowing such injections were especially marked Unpublished results 
demonstrate that dogs anesthetized with 25 mg /kg of sodium pento- 
barbital, following the intravenous injection of 5 mg /kg of acetyl- 
choline, showed phonation and motor activity Occasionally they 
lifted their heads and attempted to get up (Possible denarcotizing 
effect ) 

Bulbring and Burn (7) have shown m a senes of well controlled 
experiments that acetylcholine, contrary to earlier observations, is a 
spinal stimulant When this agent was injected into the spinal cord, 
discharge of motor impulses occurred with doses as small as 1 gamma 
They found that atropine prevented or terminated the effect of acetyl- 
choline, physostigmine, and neostigmine on the spinal cord Wescoe, 
Green, McNamara and Krop (44) recently showed that the electro- 
encephalographic and central exatatory, mcluding convulsive, effects 
of DFP are abohshed by atropine They assume that DFP acts solely 
by cholinesterase inhibition and thus conclude that atropine antag- 
onizes the central effects of acetylcholine 

Reasoning by analogy, it is possible that hemorrhages m the grey 
substance of the central nervous system, accompamed by diffuse gliosis 
and subsequently by development of glial nodules, glial scars, and neu. 
rone depletion, are also produced by acetylchohne, as they are pro- 
duced by carbamylchohne and by the combined administration of 
chohne and physostigmine (Davis and Fletcher, 11) Since the sub- 
cutaneous admmistration of carbamylchohne (0 01 mg /kg hypoder- 
mically daily for a month) also produced hyperchromic anemia, it is 
not impossible that the neuropathological changes produced m dogs 
are related to this condition 
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H ABSORPTION AND TOXICITY 

It IS not surprising that the data concerning the absorption and the 
oral, subcutaneous and intramuscular toMcity of acetylcholine are 
contradictory and confusing The intravenous toxicity, because of 
the existence of transport cholinesterase, depends upon the rate of 
injection Therefore, unless the rate is strictly controlled, vastly 
different results will be obtained Hence, the disagreement between 
Weiss and Ellis (43) and Carmichael and Fraser ( 8 ) on the effects of 
intravenously injected actylchohne on the human heart 

Mohtor (33) published data on the oral, subcutaneous and intra- 
venous LD 50 m rats and mice His findings should be supplemented 
by experiments on other species, including higher mammals, as well as 
birds, reptiles, amphibia and fishes Preliminary experiments carried 
out m this laboratory indicate great species-specific differences in the 
resistance to the toxic effects of acetylcholine 
The rates of absorption from the alimentary tract, subcutaneous 
tissues and skeletal muscle, as well as the corresponding toxicity, de- 
pend upon the transport cholinesterase Probably small doses of DFP 
are sufficient to inactivate this esterase, and the absorption and tox- 
icity studies (employing well defined end-pomts) should also be re- 
peated m DFP-treated animals It seems particularly desirable to 
obtain data on the absorption and toxicity of acetylcholine adminis- 
tered bj' the intratracheal route (“acetylcholine aerosol” administered 
through a nebulizer) 

I ACETYLCHOLINE AND THE CHOLINESTERASE INHIBITORS 

A pharmacological study of acetylcholine cannot be divorced from 
the cholinesterase problem since it is established that the fate of in- 
jected acetylcholine is hydrolysis by the cholinesterases Many drugs 
that are known to inhibit cholinesterase activity m vitro prolong the 
action of injected acetylcholine in the body In fact, all known phar- 
macological actions of acetylcholine, both of the muscarinic and nico- 
tinic types, are potentiated by cholinesterase inhibitors, such as physos- 
tigmme, neostigmine, DFP, HETP,TEPP, orhexaoctyltetraphosphate 
(HOTP) The potentiation is due to the effect on the essential cho- 
linesterase, which includes both the transport cholinesterase and the 
specific cholinesterase most prominently involved 
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Relatively small doses of DFP are sufficient to inactivate the trans- 
port cholinesterase, and additional doses of DFP or of other anticho- 
linesterases further enhance the acetylcholine effect by their actions on 
the specific cholinesterase The effects of physostigmme and neostig- 
mine on acetylcholine potentiation are probably only partly due to 



Fig 12 Dog, male, wt 12 7 kg 35 mg per kg sodium pentobarbital anes- 
thesia Premedication iMth 10 mg per kg of atropine sulfate by vein Upper 
line (on 7) duodenal motility, second line — mean arterial blood pressure, third 
line — base line and time signal (time 5 seconds), low ermost line — injection marks 
I 0 05 mg per kg acetylcholine chloride by vein II 0 05 mg per kg of 
phj'sostigmme salicylate bj^ vein III Ten minutes later, acetvlcholme as under 1 
IV 0 1 mg per kg of TEPP by vein V Thirteen minutes later, acetylcholine 
as under 1 VI One hour later, 0 5 mg per kg of HETP b}-^ \ ein VII ‘\cetvl- 
cholme as under 1 

antiesterase activity, because minimal and subminimal doses of these 
drugs enhance beyond expectation the acetylcholine-potentiating 
actions of DFP (Koppanyi, Karezmar and King, 21) 

The measurements of the pressor (nicotinic) responses to standard 
doses of acetylcholine, in the presence of varying concentrations of 
different anticholinesterases, can be used as an in vivo estimate of the 
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inactivation of the total (essential) cholinesterase The highest pres- 
sor response under optimum conditions is taken as approximately 
100 percent inhibition of the total cholinesterase It can also be shown 
by this method that the very high threshold of the ganglia to intra- 
venously injected acetylcholine is due to cholinesterase protection 
because m atropinized animals with optimum doses of TEPP as small 
a dose of acetylcholine as 0 8 gamma/kg is sufficient to elicit pressor 
responses (Koppanyi, Karczmar and King, 20 ) 

Koelle (18) has shown that premedication with physostigmme dimin- 
ishes the toxicity of DFP His results were not only confirmed but 
were extended in this laboratory Very small doses of physostigmme 
or of neostigmine (0 05 mg /kg or less), scarcely sufficient to permit 
the production of pressor effects following intravenous injection of 
acetylcholine in atropinized animals, prevent the development of pres- 
sor effects of usual magnitude that may follow the administration of 
large amounts of DFP, KEPT, or TEPP (Figs 11 and 12) On the 
other hand, HETP and TEPP do not fully prevent DFP effects(2l) 
As stated above, the administration of DFP never interferes with fur- 
ther potentiation of acetylcholine by other cholinesterase inhibitors 
This paper does not deal with the physiological role of acetylcholine, 
and therefore does not attempt to evaluate the relative importance of 
cholinesterase versus the acetylcholine precursor of Abdon (1) There 
are no pharmacological methods available to modify the breaking- 
down of the precursor into free acetylcholine, or for the stimulation of 
the resyn thesis of the precursor which, according to Abdon (1), requires 
energy, probably delivered from the dephosphorylation of phospho- 
creatine and adenosinetriphosphoric acid 
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DISCUSSION 

CHESTER W DARROW 

{PsycJtophystologtcal Laboratory, Inshtuie for Juvenile Research, Chicago) 

The questions I would raise regarding the physiological functioning 
of acetylchohne are not intended as criticism of Dr Koppanyi’s excel- 
lent exposition, but rather as an attempt to find basis for a neuro- 
physiological interpretation 

In treating of the effects of acetylchohne, Dr Koppanyi correctly 
emphasizes the frequency with which autonomicaUy paradoxical, or 
so-called “nicotinic” effects, are elicited These effects are the oppo- 
site of the direct of “muscarinic” changes commonly associated with 
parasympathetic function He describes the nicotinic effects specifi- 
cally in the case of the alimentary tract, the heart, the vasomotor 
system, respiration, the eye, and the central nervous system Similar 
effects have been noted by us in studies of autonomic influences on the 
central nervous system For example, we have repeatedly noted in 
human subjects that slowing of heart rate following atropine was hkely 
to be attended by increased regulanty of alpha and decrease of slow 
waves in the electroencephalogram (5) A sirmlar effect on the EEG 
has been noted by Obrador (11) 

Dr Koppanyi repeatedly emphasizes the importance of the nicotinic 
action of acetylchohne, pnmanly, apparently, as an effect on ganghonic 
transmission On the other hand, I would take this opportunity to 
emphasize the role of the moderator nerves In many instances, at 
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least, It appears that central and autonomically paradoxical effects are 
understandable as a homeostatic action, overaction, or change in sensi- 
tivity of so-called “servile” or “feed-hack” mechanisms which con- 
tribute to homeostatic regulations by the moderator nerves The 
steps taken to eliminate these influences experimentally have in some 
instances been specified by Dr Koppanyi, — and m some cases, after 
the ehmination of possible moderator influences, the effect remained 
The implication is that in such cases moderator influences are unim- 
portant I wonder if that follows 

Moderator mechamsms are many and serve common homeostatic 
functions, often they are apparently susceptible m the same way to 
the same pharmacologic influences Is it surprising, then, that the 
elimination of one or several of these mechamsms does not eliminate 
the function? Under these conditions failure to eliminate a function 
by surgery is no proof that the structure did not contribute something 
to the total effect 

There are many moderator mechanisms concerned with autonomic 
and cerebral regulations, and of these carotid sinus is only one notable 
example In addition to the carotid sinuses there are, of course, the 
carotid bodies, the aortic arch receptors, the abdominal vasotatic 
receptors, intraventricular or intracisternal mechanisms, and appar- 
ently also sensitive regions in the hypophysis and hypothalamus In 
the same general category, likewise, must be added the homeostatic 
effects of autonomic agents upon ganghomc transmission, as neuro- 
physiologically demonstrated by Marrazzi (10) Removal of the 
carotid sinuses and section of the vagi would eliminate some but not 
all of these Bam, Irving and McSwiney (1) have demonstrated the 
possibility of abdominal inhibitory effects (of stimulation) upon the 
parasympathetic which do not involve the vagus And some moder- 
ator effects are produced via the sympathetic 

In the case of respiration, Dr Koppanyi notes from his own studies 
with Lmegar (9) that the “nicotinic” effects are abolished after the 
carotid bodies are removed and the vagi sectioned above the ganghon 
nodosum One type of moderator mechanism is here implicated and 
' others presumably eliminated by surgery Section of the vagi pre- 
sumably here disposes of the aortic receptors and possibly ehnunates 
effects from the “vasotatic” receptors identified by Heymans, Bouck- 
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aert, Faber, and Hsu (8b) and others The question not answered is 
whether these mechanisms produced nicotinic effects on respiration 
before surgery It is known that acetylcholine and related substances 
may decrease the regulatory response of the carotid sinus (Heymans, 
Bouckaert, Farber and Hsu (8a)), thereby decreasing inhibition of 
sympathetic activity and permitting increased blood pressure or other 
sympathetic effects 

In the case of vasomotor changes, Dr Koppanyi notes that “nico- 
tinic” effects of acetylcholine on blood pressure persisted after removal 
of the carotid sinuses, the central nervous system, the adrenals, the 
liver, and/or clamping of the abdominal aorta, and that the effects 
were ehminated only by removal of the sympathetic chain and superior 
cervical gangha, or by drugs preventmg sympathetic transmission 
Here the Marrazzi effect and a true nicotinic action is possibly involved 
But the question still remains, is it possible that a Heymans desensiti- 
zation (8a) of the moderator nerves by acetylcholine contributes under 
normal conditions? 

Again, in the case of the pupil. Dr Koppanyi’s results point to 
effects of acetylcholme by way of nicotinic action on the ganglia This 
again, however, does not indicate that nicotinic action is the sole pos- 
sible source of paradoxical effects Gellhorn, Darrow and Yesenick 
(7) demonstrated m cats marked dilatation of the pupils dunng fall in 
blood pressure foUowmg amylnitnte The effect persisted after carotid 
sinus denervation and section of the vagi The inverse relation to, and 
th^^iparent dependence upon blood pressure changes, is not readily 
/J^lamed as a nicotinic ganglionic effect It rather suggests some 
moderator nerve response to pressure not dependent upon the vagus 
An abdominal effect via pathways such as demonstrated by Bam, 
Irvmg and MeSwmey (1) to the third nerve nucleus might satisfy the 
requirement 

Effects upon the central nervous system likewise involve possible 
activity of feed-back mechanisms In this respect I must not miss the 
opportunity to correct a possible misinterpretation no one I know has 
implied that tachycardia causes slow waves m the electroencephalo- 
gram In our laboratory, we have suggested the possibility that the 
cardiac acceleration which occurs m compensation for a fall m blood 
pressure during hyperventilation may indicate an inhibition of the 
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the central action of DFP has yet been studied in relation to the pos- 
sible influence of hyperventilation In view of the action of physostig- 
mine, it seems not unlikely that doses of DFP too small to produce 
appreciable effects on a normally functiomng nervous system might 
cause marked reduction of high potential slow electroencephalographic 
activity following hyperventilation 

In this connection, there is a further question raised by the pre- 
pubhcation observation of Koppanyi, Karczmar and Kin g that physo- 
stigmme and neostigmine “enhance beyond expectation the acetyl- 
choline protective action of DFP ” Is it possible that this imphes an 
action of these substances directly upon the receptors as well as on the 
enzyme? 

Furthermore, is there proof that the substance found in the blood 
stream or perfusates from structures treated with antichohnesterase 
ts acetylchohne, or does it only produce some acetylchohne-hke effects? 

With these observations m mind as questions, but not as cnticisms, 
I commend to you Dr Koppanyi’s excellent paper 
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IV CONCERNING THE MODE OF ACTION OF 
ACETYLCHOLINE^ 

JOHN H WELSH 
{Harvaid Untveistl'f) 

The approach to the problem of the physiology of acetylcholine (Ach) 
has been hke that to most problems m physiology Beginning with 
the early work of Reid Hunt, Sir Henry Dale and Otto Loewi, the 
boundaries of our knowledge have been pushed back slowly The 
viewpoint of any single investigator or group of associated workers has 
usually been a relatively narrow one, with attention centered on some 
specific aspect of the problem 

During the past twenty-five years much has been learned about the 
quantitative distribution of Ach in animal tissues, about its synthesis 
and its destruction, both in vivo and in viUo, and about the reaction of 
animals and their parts to Ach However, we have very little infor- 
mation concerning the fundamental mode of action of Ach When 
Ach is applied to motor end-plates, autonomic ganglia or heart muscle, 
we know the nature of the responses, but we know little concerning the 
series of events leading up to the response Much attention has been 
paid to the roles of Ach as a transmitter substance at synapses and 
neuromuscular junctions, and recently to a possible role in conduction 
along the a\on, but little attention has been given to the physiology 
of acetylcholine m non-nervous tissues Since the Ach cycle is such 
a prominent feature of the nervous systems of all animals, both inver- 
tebrate and vertebrate, there is a tendency to think of Ach only in con- 
nection with the functioning of cholinergic neurons However, its 
occurrence in plants, in protozoa, and m such organs as spleen and 
placenta suggests that it may play some general role m cellular metab- 
olism If this more general role was an involvement in inter- and 
intra-cellular communication in various tissues, the nervous system, 
concerned as it is with rapid coordination, might well be expected to 
possess the Ach cycle as a prominent and characteristic feature 

^ A portion of the work reported in this paper was supported by a grant from 
theU S Public Health Service 
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A broader viewpoint and new approaches to the problem of the 
physiological functions of Ach are needed These might lead to a 
better understanding of the manner by which Ach acts on cells This 
paper will be concerned with preliminary and largely indirect studies 
which have been undertaken by ourselves and others with these needs 
m mind Some of the suggestions which are to be offered are of a 
highly speculative nature The material will be presented under the 
following headings 

(1) Ach and cellular respiration 

(2) Ach as a possible trophic substance 

(3) A suggested mechanism of Ach action 

1 A.CH AND CELLULAR RESPIRATION 

Our interest m Ach and cellular respiration was first aroused 
through an attempt to relate Ach levels of different parts of the nervous 
system with other known characteristics of these parts It was known 
that Ach levels differed greatly m different, parts of the mammalian 
nervous system (Macintosh, 19‘il, Welsh and Hyde, 1944a) In the 
central nervous system the amounts of Ach are smallest m the cere- 
bellum and cerebral cortex and increase in the brain stem and the me- 
dulla Motor nerves and autonomic ganglia contain more Ach than 
any part of the central system, while Auerbach’s plexus of the small 
intestine was estimated by Welsh and Hyde (1944b) to have more Ach 
than any other nervous tissue that has been assayed about 5000 times 
as much Ach being found in Auerbach’s plexus of the guinea pig and 
rabbit intestine as is found in the cerebellum It was pointed out by 
Welsh and Hyde that the order of increasing resistance of the parts of 
the mammalian nervous system to anoxia and hypoglycemia is essen- 
tially the same as the order of parts arranged according to increasing 
amounts of Ach per unit weight Those parts which are least resistant 
(cerebellum and cortex) are low in Ach, and those which are among the 
more resistant (spinal nerves and autonomic ganglia) are high in Ach, 
w'hile the neurons of the myenteric plexus, showm by Cannon and 
Burket (1913) to be the most resistant of all vertebrate neurons to 
anoxia, have extraordinarily’' high levels of Ach The correlation is so 
good that one is led to consider the possibility'^ that stores of Ach help 
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to preserve the functional integrity of neurons during periods when 
through oxygen or glucose lack, new Ach cannot be synthesized 

This line of investigation led to speculation concerning Ach and 
cellular respiration Would a deficiency in Ach production affect the 
rate of oxygen consumption of cells> Earlier work (Deutsch and 
Raper, 1936, 1938) has shown that the addition of Ach to respiring 
slices of sub-ma\illary gland tissue increases the rate of O 2 uptake 
Abdon and Borghn (1947) have shown a lowered level of oxidative 
metabolism of rat skeletal muscle m choline deficiency We are now 
carrying on experiments with rats and certain insects on choline and 
pantothenic acid deficient diets, in an attempt to produce acetylcholine 
insufficiency Tenebrio (meal worm) larvae are sensitive indicators 
of pantothenic acid and choline deficiency, their growth and respiration 
being markedly reduced on deficient diets Preliminary experiments 
indicate that Ach levels are abnormally low, but it is not yet possible 
to say that this is a direct cause of slower growth and lowered metab- 
olism However, one is led to further speculation concerning a possible 
trophic role of Ach 

2 ACH AS A POSSIBLE TROPHIC SUBSTANCE 

The effects of denervation on the structures deprived of their nerves 
is well known In the case of structures innervated by cholinergic 
neurons there is at first a greatly increased sensitivity to Ach and sub- 
sequent atrophy Cannon (1939) expressed this general phenomenon 
in what he termed a “Law of Denervation” “When in a series of 
efferent neurones a unit is destroyed, an increased irritability to chem- 
ical agents develops in the isolated structure or structures, the effect 
being maximal in the part directly denervated ” 

Likewise, studies such as that of Ward and Kennard (1942), indi- 
cating that cholinergic drugs hasten the recovery of function following 
lesions of the central nervous system, call attention to the possibility 
that Ach may also be involved in processes of regeneration 

A preliminary report (Welsh, 1946) has been made of a study of degen- 
eration and regeneration in planaria Ach blocking agents such as 
atropine induce degeneration of the head of planaria and slow the 
process of regeneration of pieces Prostigmine delays the degenera- 
tion produced by atropine, while prostigmine and pilocarpine hasten 
the regeneration of pieces of these flatworms 
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The brief references m this and the preceding section to possible 
roles of Ach m processes other than conduction and transmission in the 
nervous system are made primarily to encourage a broader view of the 
physiology of Ach Possibly Ach may help to regulate cellular metab- 
olism and perhaps thereby act as a trophic substance Final and con 
vincing evidence for or against this will be obtained only through the 
concerted efforts of many investigators 

3. A SUGGESTED MECHANISM OF ACH ACTION 

Wffien Ach m appropriate concentrations is applied by close arterial 
injection to an intact organ, innervated by cholinergic nerves, or in 
most instances to the same organ or its part after isolation, a response 
characteristic of the organ or tissue may be observed, glands secrete, 
muscles contract, melanophores e\pand, neurons discharge It is 
usually possible to demonstrate that Ach in low concentrations ini- 
tiates a response or has an excitatory action, while at higher concen- 
trations the response is depressed or inhibited Since the excitatory 
action on one type of organ or tissue (e g smooth muscle of the intes- 
tine) may occur over a wide concentration range and be easily recorded 
or observed, while for another tissue or organ the excitatory range may 
be narrow and the inhibitory effects prominent (e g vertebrate or 
molluscan heart muscle), it has become customary to think of Ach as 
having two types of action — excitatory and inhibitory (or paralytic), 
separate and distinct from one another If it could be shown that these 
two actions of Ach are quantitative and not qualitative, the task of 
solving the problem of Ach action would be simplified No attempt 
has been made to gather conclusive eAudence for this latter view, but 
from the work of McDouall (1946) and others on the vertebrate heart 
it would appear that Ach in small doses has an excitatory action at 
concentrations below those producing inhibition In the presence of 
atropine or methylene blue, in amounts which only partially block 
^ch action, the excitatory effects are pronounced 

A similar excitatory action of Ach on the heart of the mollusc, Vemis 
mcrccnaria, may occasionally be observed before the characteristic 
negatue inotropic effect sets in With choline, the excitatory action 
ma% be marked and may occur over a wide range of concentrations 
(Fig 1) It is of interest that Thimann (1937) finds that growth 
acceleration and inhibition by auxins are but quantitative effects, and 
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concludes that the mode of action of auxins on roots and stems is not 
qualitatively different 

If the possibility is granted that wherever Ach acts the mechanism 
of action IS fundamentally the same (see Fig 2), we may then proceed 
to examine certain facts concerning Ach action and to devote some 
space to speculation, in the hope that better experiments may be de- 
signed to augment our knowledge of this aspect of its physiology 

Some of the things that are known about Ach action will be illus- 
trated by a study of its action on a highly sensitive invertebrate organ, 
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ACH CHOLINE CHOLINE 

Fig 1 Response or Isolated Heart of Venus Mercenaria to Acetylcholine 

(Ach) at First Arrow 

This was an unusually sensitive preparation At following arrows increasing 
amounts of choline chloride were applied, all producing an increase m amplitude 
until 10~® choline chloride was reached which produced a just perceptible decrease 
in amplitude Further increases produced more pronounced negative inotropic 
effects 

the ventricle of V enus mercenai la, the hard shell clam or quohaug As 
first shown by Prosser (1940), this smooth muscle structure is inner- 
vated by nerves which are cholinergic and is a sensitive indicator for 
Ach We find that the isolated ventricle may, at times, be excited 
by concentrations of Ach of the order of 10~® jig Ach per ml of per- 
fusion fluid The threshold concentration for inhibition is usually 
between 10-^ and lO"'* /xg Ach/ml , and complete stoppage of the 
heart occurs at concentrations about 50 times the threshold concen- 
tration for inhibition This order of activity suggests that an enzyme 
system is directly involved in the action of Ach, but we shall return to 
this point later 
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Few substances normally produced m an animal act in lower con- 
centrations than Ach, and there appears to be no other choline ester 
or related substance that is more active than Ach if differences in 
stability to cholinesterase are taken into consideration The Venus 
heart has very little cholinesterase as shown by Julhen et al (1938) and 
Smith and GhcL (1939) This accounts for the very slight potentia- 
tion of Ach action by anti-chohnesterases which we have observed 
Therefore a significant comparison of the relative activities of choline. 
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Fig 2 Scheme Showng Probable Exotation and Inhibition Effects of 
Ach on Vertebrate Heart and Skeletal Muscle 

choline derivatives and related compounds m the absence of cholin- 
esterase inhibitors may be made Such a comparison is shown in Fig 
3 It may be seen that esters of both choline and betaine are far more 
active than the parent compounds and that the known differences in 
the resistance of the esters to esterase hydrolysis are unimportant in 
determining relative activity 

VTien ethyl radicals are substituted for methyl m the omum group 
of choline or Ach, activity is lost and concentrations as great as 2 X 
10~^M are wnthout effect This directs attention to this portion of the 
molecule, and the action of quaternary ammonium compounds on the 
Venus heart becomes of interest Tetra-meth>l ammonium has an 
Ach-Iike action as may be seen in Fig 4, although its action is iveak 
compared with Ach Tetra-ethyl, tetra-propyl and tn-ethyl octyl 
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RELATIVE IlOLAR QUANTITIES PRODUCIAO AH EFFECT EQUIVAIEHT TO A^LAR QUANTITy OF ACH 

equal to 1 

Carbajajrlchollne 
Prop lony Ichollno 
'Sthoxychollne 
ButyrylchoXlne 
ChloraeetjXcholln* 

Acetyl^ Uethylchollne 
Bonsoylehollne 
Cholln* 

Betalno etbyl ester 
Betaine 

TrlethylehoHne 
Trlethylacetylehollne 


Fig 3 Relative Molar Quantities of Certain Choline Derivatives and 
Related Compounds Required to Produce a Degree of Inhibition of 
THE Venus Heart Equivalent to That Produced by a Molar Concen- 
tration OF Acetylcholine Taken as One 




Fig 4 Action of Tetra-Methyl Ammonium Chloride on the Isolated 
Heart of Venus Mercenaria at Three Different Concentrations 
(10-^ M, 1 2 X 10"^ M, 1 1 X 10-^ M 

ammonixim ions, on the other hand, have no inhibitory action on the 
Venus heart at the highest concentrations tried (5 X lO-^M) While 
tetramethyl ammonium sums with Ach, the other quaternary am- 
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moniums which we have tried are effective blocking agents — their 
eficctiveness increasing with the size of the radical (Fig 5) Thus the 
penta\alent nitrogen with its three methyl groups becomes, m certain 
respects, the most significant portion of the Ach molecule 
The rapidity with which Ach in small amounts acts on the Venus 
heart suggests that it is acting as a “trigger” to set oft a reaction or 
chain of reactions The specificity of the (CH 3 ) 3 N group suggests that 



Fig 5 Record Showing the Excitatory Action’ anti Ach-Blocking Effect 
OF Trieth\l-Oct\l-Amiionium Chloride on the Isolated 
Heart of Vents Mercenaria 

size and configuration are of the greatest importance The rapid 
recovery of the heart after washing and the rapid blocking action of 
quaternary ammonium ions other than tetra-methyl ammonium, when 
present with Ach in the medium surrounding the heart, suggest that 
•Vch IS acting at or near the surface of the smooth muscle membrane 
Evidence for surface action m the vertebrate heart is seen in the results 
of Cook (1926), who found that methylene blue effectively blocks the 
action of Ach on the isolated frog’s heart oh/v uhaj it is present in the 
fluid around the cells If hearts ■v\ere allowed to become deeply stained 
with methylene blue and then washed before adding Ach there was no 
antagonism. e\en though the cells retained their deep blue color 
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Cook suggested that this antagonism between methylene blue and 
Ach IS due to the methylene blue producing some freely reversible 
surface action on the cells The possibilities provided by methylene 
blue in physiological studies on the nervous system are not always fully 
appreciated (for a brief summary of its pharmacological action see 
Bernheim, 1942) 

Although the action of Ach on the Venus heart as well as on verte- 
brate effectors, such as skeletal muscle, may be duplicated by potas- 
sium and electrical stimulation, there are certain indications that the 
effects of these latter agents are direct while that of Ach is by an in- 
direct route In other words, although externally applied K+ and 
Ach, as well as a depolarizing current, appear to produce the same end 
result, they may do so in different ways One is led, therefore, to 
speculation concerning the manner in which Ach might affect the 
excitability of cells, in the hope that such speculation will lead to newer 
approaches to the problem of the mode of action of Ach 

Certain investigators, notably Langley (1906) and Clark (1937), 
have postulated that certain drugs produce their effects on cells by 
reacting with a ^ffeceptive substance ” This will be assumed in the 
hypothesis to follow which, for the sake of brevity, will be presented 
without an attempt to fully justify the line of reasoning 

(1) Ach reacts with some constituent of the cell surface (“receptive 
substance") 

(2) This constituent of the surface is a protein or lipo-protem 

(3) The protein or lipo-protein is an enzyme requiring Ach for its 
activation, therefore Ach acts as a coenzyme 

(4) The enzyme reacts with a substrate in the cell membrane 

(5) This substrate when split releases nonpolar-polar anions (cf 
Hober, 1946) whose changing orientation might then account 
for observed polarity and permeability changes in the cell mem- 
brane and “excitation" of the cell 

(6) Ach IS freed from the enzyme complex, split by cholinesterase 
or returned to inactive precursor, and energy-yielding reactions 
reconstitute the substrate restoring the cell membrane to its 
resting condition 

Most existing hypotheses attempting to account for the mechanism 
of action of Ach are of a simpler nature There is no virtue in a more 
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complex theory unless it is to direct attention to possibilities which 
might otheni ise be overlooked If all aspects of the above-outlined, 
possible mode of action of Ach were discarded, except the suggestion 
that Ach acts as a coenzyme, the present purpose would be served, 
this purpose being to direct attention to the unique properties which 
qualify Ach as a regulator of enzyme reactions which must start and 
stop within very brief periods of time Of these properties, the readi- 
ness vith which Ach may be hydrolyzed and thereby removed from 
the scene of action is perhaps the most important 

In testing the above hj'pothesis, one might begin with attempts to 
learn more concerning the nature and distribution of the “receptive 
substance We have begun efforts m this direction and, at present, 
a clue given by Couteaux (1947) is being followed Couteaux has 
found that Janus green B used as a supra-vital stain selectively stains 
a group of oriented bodies lying in the sarcoplasm just under the sarco- 
lemma and adjacent to nerve ending m the motor end plates of skeletal 
muscle Janus green B also stains faintly the sarcolemma of the 
muscle fiber We find that Janus green B stains muscle fibers in the 
atrial regions of the Venus heart where nerves end m the heart This 
staining with Janus green would be of special interest only if it could 
be shown that the dye had Ach-hke properties and might, therefore, 
combine uith a substance with which Ach normally reacts In pre- 
liminary experiments it has been found that Janus green does have 
\ch-like properties The Venus heart is inhibited by Janus green as 
by Ach (Fig 6) (Little is known concerning the pharmacological 
action of Janus green in vertebrates, but one may refer to Ettinger 
(1932) for information concerning its constrictor action on certain 
blood vessels of the intact mammal ) It also acts as an inhibitor of 
cholinesterase, as does meth 3 dene blue This might complicate its 
use as a possible indicator of the distribution of “receptive substance,’ 
but at the same time may when used with more specific anticholines- 
terases and A.ch-blocking agents, provide valuable information For 
example it might be possible to alter the staining properties of the 
“batonnets” of Couteaux bj previous treatment with appropriate 

• That more than one such substance (enyvme) is invohed in \ch action seems 
evident from such well-known observations as the differences in blocking action of 
curare and atropine at different points within the bodv 



578 


JOHNH WELSH 


agents, thereby giving a clearer indication of their nature This we 
plan to try 

This approach to the problem of the location and identification of 
the “receptive substance” is but one of many which are possible The 
identification and probably the isolation of the substance or substances 
with which Ach reacts will be a necessary step in determining the pre- 
cise mode of action of Ach It may be a slow and difficult process 
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Fig 6 Record Showing the Ach-Like Action of Janus Green B on the 
Isolated Heart of Venus Mercenaria 

While it IS going on, one should not lose sight of the broad problem of 
the possible role of Ach as one of the regulators of cellular metabolism 
and of growth 
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SUMMARY 

In this paper an attempt has been made to encourage a broader out- 
look on the problem of the physiology of acetylcholine (Ach) Evi- 
dence suggesting that Ach may play a role in the regulation of cellular 
metabolism and growth has been presented It was the intent to 
imply that this more general role of Ach accounts for its wide distribu- 
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tion in plants and animals From recent uncompleted studies, ideas 
have come which have given nse to a new view of Ach action, namely 
that it may be acting as a coenzyme to regulate the activity of an en- 
zyme(s) (“receptive substance”) located m or near the cell membrane 
The role of this enzyme is to alter the excitability of the cell through 
processes leading to changes m membrane polarity and permeabihty 
The instability of Ach makes it a possible regulator of an enzyme pro- 
cess that must be quickly started and stopped 
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DISCUSSION 

AMEDEO S MARRAZZI 
{Wayne Untvemly College of Medicine, Detroit, Mich ) 

Dr Welsh’s interesting speculations deserve an analysis on the basis 
of appropriate facts Unfortunately, these are not available in suffi- 
cient number and so the discussion, at this stage, also must be largely 
on a speculative basis 

However, a number of considerations lead, rather forcibly, to the 
idea that such extremely highly active drugs as acetylcholine (ACh) 
and Its counterpart adrenaline — ^both natural to the body— act on 
selected, small, strategic portions of the cell surface 

1 The intracellular administration of ACh in striated muscle (1) 
(also of HCN and H 2 S (2) and narcotics (3) in amoeba) does not pro- 
duce the characteristic actions which are readily elicited by application 
to the external surface of the ceU Cook’s experiments, described by 
Dr Welsh, likewise show that the atropine-like action of methylene 
blue is exerted only when the dye is at the external surface of the cells 
of the frog heart The surface site of fixation or adsorption^ of drugs 
indicates that ACh would not be expected to penetrate the cell to elicit 
Its effects 

2 The minimal effective dose if spread out in a monomolecular layer 
occupies only a minute fraction of the ceU surface Clark (4) has cal- 
culated that only 1/6000 of the surface can be covered by a mmimal 
effective dose of ACh inhibiting the frog heart 

3 The characteristic exquisite sensitivity of tissues such as the heart 
IS apparently only acquired after the cells have received their innerva- 
tion The most recent clear-cut experiments in this field have been 
done by Armstrong (5) on the Fundulus heart The nerves must 
induce a permanent change in the effector cells smce the drug sensi- 
tivity persists (it IS, m fact, enhanced) after the nerves have been 
caused to degenerate From Langley (6) on, expenmenters have 
shown that in the case of muscles with all nerve to muscle fiber 
relation the sensitivity is confined to the end plate region 

In trymg to supply a mechanism by which a substance acts with 

1 Clark (4) has shown that the reaction closely follows the Langmuir adsorption 
formulae 
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great rapidity, in trace amounts, at strategic points on an interface, 
the cell membrane, the possibility that an cn/yme or its prosthetic 
group constitutes the receptor is a verj' reasonable one, but one that 
still a^^alts proof Enzymes are ordinarily concentrated at and exert 
optimum activity^ at interfaces, such as the cell membrane To call 
ACh a coenzyune is to do no more than to suggest that it participates 
in a reaction involving enzy mes, and it is certainly true that reactions 
of this rapidity — including fixation and subsequent action — arc almost 
certainly cataly'zcd and regulated by enzymes somewhere along the 
line to completion However, in readily' admitting the hlehhood of 
enzy'mc av'ailability' for reaction with drugs, we must realize that they 
are not necessarily the point of attack when drugs influence the process 
v^ariously' viewed as depolariz^ation, pcnncability change, reorientation 
of cell membrane constituents or the alteration of the state of protein 
cliains abutting on the cell surface 

The fact that the receptor must compete with cholinesterase for 
ACh, and also for atropine and curare (7) and other drugs in the group 
I once allied chohnotropic (8), would appear to be an indication tliat 
the receptor has at least a similar prosthetic group in common with the 
hydrolyzing enzyme and with the drugs mentioned \\c migiit visu- 
alize the receptor as possessing a sort of master or, better, a skeleton 
key'^ for the entire group 

It must be readily' apparent that, though we arc concerned with the 
mode of action of acetylcholine, we have really not gotten beyond tlic 
question of the site and manner of its fixation, only' subsequent to which 
the reaction can occur \Vhethcr the resulting change is an excitation 
or increase, or an inhibition or decrease in some aspect of cell function, 
we can, if we wish, quite profitably think of most drugs as becoming 
fixed to and always cxctlttiq or aclu'atiug specific receptors, whicli m 
turn trigger off excitatory or inhibitory' processes w ithm the cell 

It is necessary to distinguish between true inhibition and tlie depres- 
sion, often postcxcitatory', accompanying larger or excessive doses 
The latter* has often been compared to fatigue and resembles it at least 

* Brown, Dale and Fddbcrg (9) have postulated m the case of strnted muscle 
that the paralytic action of large doses of ACh is not confined to the end plate 
region Brown and Ftldbcrg (10) likewise picture a more diffuse action for the 
depressant effect in the superior cervical sympatlietic ganglion of the cat 
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m that, as a rtile, it is less readily reversible than the primary inhibition 
I do not feel that such depression is a true inhibition, in the same sense 
as the specific primary effect of small doses True inhibition produced 
by drugs is not preceded by excitation in the vertebrates 

The excitatory effect of ACh in the atropimzed mammalian heart 
has been found by Hoffman et al (11) and by McNamara, Krop, and 
McKay (12) to be due to the release of a sympathomimetic substance 
whose action can be blocked by ergotoxine McDowaU (13) has also 
shown that the stimulating effect could be abolished by ergotoxme and 
by still larger doses of atropine These facts are best explained by 
assuming a cholinergic synapse — ^therefore activated by ACh and 
blocked by atropine — whose postsynaptic fibers release a sympatho- 
mimetic substance This description would fit best a sympathetic 
ganglion located in the heart itself, and the action of atropine is s imilar 
to the reversal it induces in ACh vasodepression This reasoning is 
not weakened by McDowall’s demonstration of the effect without the 
use of atropine in the mammalian ventricle after cutting the A-V 
bundle, since, as McDowall himself points out, the mammalian ven- 
tricle receives no vagus innervation It would therefore not be respon- 
sive to acetylcholine but would be excited by the cholinergically 
released S 3 mipathomimetic substance The effect ordmanly masked 
in the non-atropimzed heart is thus exposed by isolating the ventncle 

It is rather difficult with ordinary pharmacological techniques to 
record the immediate or very early course of drug action I therefore 
wish to show you such a record for the synaptic inhibiting action of the 
functional counterpart and antagonist of ACh — adrenahne Here 
also Burn (14) has brought up the question of an exciting action pre- 
ceding the synaptic inhibition of sympathetic ganglia described by 
Marrazzi (15) Fig 1 illustrates the technique and Fig 2 shows the 
graph of continuously recorded results It is evident that the first 
and only action is an inhibition indicated by the depression of the two 
postsynaptic spikes Continuous visual observation of the oscillo- 
graph throughout the experiment lilcewise showed no evidence of pre- 
hmmary stimulation 

If a prehimnary stimulating effect in the heart of this mollusc {Vems 
mercemna) were confirmed, it would only raise again the question of 
the nature of the ACh action in this organ m which, contrary to find- 
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mgs elsewhere, the very diaractenslic and, so to speak, diagnostic 
effect of atropine is missing (Prosser, 16) and the effect of cholinesterase 
on the intensity of action is negligible 



Fig 1 Scheme ot Stimclating avd Recordisg Set Up 
Superior Cervicai SvmpatiXtic Ganglion with Intact Blood SupPL'i 



1 1 Circulation Tlfpo) Time m Seconds 

Fig 2 Plot of Continuous Record Siiowtnc Dn\XLorMENT ant) Course of 
Ganglionic iNTiinmoN u\ Adrenaiinf 
From J Ncurophjsiol , 10 167, 1917 (Fig 4) 

Although the distinction between primary inhibition and secondary 
depression is important, I do not believe it is crucial to furtlier con- 
sideration of Dr Welsh’s arguments and results 
The Onium cation, whicli "must be regarded as the first pharma- 
codynamic group to be discovered” (17) again emerges in tins prepara- 
tion as the important group m quarlernary ammonium bases Dr 
Welsh makes an effective point m correlating the rapid wash out and 
the rapid bloclung action with a surface locus of activity 
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Experience shows that a demand for a rigid or strict correspondence 
of chemical structure between compounds with similar or related 
effects, e g ACh, the various anticholinesterases, atropine, methylene 
blue, would set up unnecessary difficulties On the other hand, the 
experience of enz)nne chemists shows that coarse relations or rather 
relations restricted to a small portion of the molecule are not unusual 
It follows from some of these ideas that stains delmeatmg well the 
functional motor end plate would be expected to have some ACh-hke, 
antichohnesterase and even atropme-like or blocking effects 

One of the most exciting parts of Dr Welsh’s report deals with his 
plans for studying the receptor substance by utilizing stammg tech- 
niques Some of the obvious difficulties which will have to be over- 
come by such an approach are illustrated by the effects of curare, 
which in strong solutions wiU cause motor end plates to become opaque 
(18), or more aurophilic (19), but which, according to others (20), will 
not alter the appearance of the end plates in doses adequate to cur- 
arize 

The remarks so far have been limited to processes taking place at 
neuro-effector junctions and in autonomic ganglia A brief look at 
the more uncertain ground of the central nervous system is in order 

There is great difficulty m relating the ACh content of tissue to func- 
tion, if indeed there is any direct relation We may recall that Brown 
and Feldberg (10), m their study of the ACh metabohsm of a sympa- 
thetic ganglion, concluded that they “could not assign a suitable role 
to the acetylchohne or the chohne obtainable from a ganglion by extrac- 
tion ” A complicating factor is that, so far, ACh is found practically 
only in efferent fibers and no data is available on the ratio of efferent 
to afferent cells and fibers in various parts of the nervous system nor, 
for that matter, on the ratio of excitable to supporting tissue Fur- 
thermore, as McIntosh (21) points out, ACh is, on the one hand, virtu- 
ally absent from the pyramidal tracts and, on the other hand, is present 
m great abundance in non-nervous tissue like the spleen and placenta, 
which have no obvious need for special communication facihties 
Accordingly, McIntosh regards as better founded deductions based on 
the absence rather than on the presence of extractable ACh Since 
Dr Welsh’s results are on the basis of water extractable ACh only (no 
protein denaturants used), they are perhaps not exactly comparable 
to those just quoted Nevertheless, smiilar difficulties must operate 
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Himwich et al (22) have established that m general the metabolic 
rate increases as the neuraxis is ascended, and that the immature rat 
brain has a lo^\er rate and is more resistant to ano\ia than the adult 
The corollary seems to hold that resistance to anoxia parallels decreas- 
ing metabolic rate If, then, there is a relation between ACh content 
and function, could not as good a case be made out for the idea that 
larger stores of ACh ( arger production with lower cholinesterase activ- 
ity in the infant rat brain) arc associated with regions of lower metabo- 
lism and consequently greater resistance to anoxia? 

Need the accclcrat ng effect of ACh on sahvaiy^ gland slices mean 
any more than that the secretory cells arc activated and oxidation 
secondarily follows suit? Lipton (23) failed to find an increase due 
to ACh in rat brain, while Shaffer, Chang and Gerard (24) observed a 
decrease in peripheral ncrx’c 

Denerv^ated tissues undergo atrophy of disuse unless thej arc capable 
of autonomous activity Since ACh and related drugs activate dener- 
vated tissues and otherw isc control chohncrgically mncrx'atcd tissues, 
need we look for a trophic process separate from transmission and con- 
duction to explain Dr Welsh’s striking preliminary results on planaria 
and those of Ward and Kcnnard on monkcj s’ 

Dr Welsh has admirably explored many stimulating possibilities 
and signaled out deficits in our knowledge We also have the feeling 
along with Dr Welsh that, given an extensively studied field, further 
progress is often touched off by new or different techniques We have, 
therefore, made preliminary excursions in measuring the electric field 
(dipole momenC) of drugs to study its possible determining influence 
on their orientation to the sensitive areas of the cell surface, the recep- 
tors, and we arc initiating the further study of drug action on suitable 
films to analyze in greater detail their surface or interface activity, 
and, more particularly, the associating forces betw'ecn drugs and active 
patch or receptive substance 
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V THE EFEECr OE VNlTCIIOLINCSrERASES \ND 
RELATED SUBSTANCES ON NliRVOUS 
ACTIVITY IN I HE COCKROACH' = 

KI N\I ril D ROI 1)1 R 

(Dcparlmcitl of 7 lifts College, \rc-1foril, MnssacliuscHs) 

INTRODbCTIOX 

While the specific objective of this paper is to (liscuss the jiln siology 
and pharmacology of the si\th abdominal ganglion of the cockroach 
it is hoped that attention can be dra\\n to the potentialities of insects 
as material for basic research in physlolog^ 1 o some, the small si/e 
of insects maj appear to handicap their possibilities in this direction 
However, experience has shown that where elect ropln siological 
methods can be used, small si/e of the material ma\ be adxanlageoiis, 
since the number of neurones to be encountered is much less 1 he 
suitability of insects for certain U pes of research may be judged from 
the fact that in a relatixeh modest research program at 1 lifts College, 
the common cockroach, Pcnplancla amcncana, has proxidcd two or 
three different types of ganglion prejiarations (9 12), a giant fiber 
preparation, a sensory preparation consisting of fibers from s])eciah/ed 
mechanoreceptors (8, 11), and a neuromuscular preparation Some 
of these preparations have not been investigated fully, and cannot be 
discussed at this time I he sixth abdominal ganglion has been studied 
in some detail, and will serve to illustrate the research possibilities of 
insects 


llin PRrPARATION 

I he abdominal portion of the x'enlral nerx'c cord of the cockroach 
terminates in a ganglion about 0 9 mm m length This is the sixth 

'Ihc work ckscribcd in this piper was done under a contract between Ihe 
Medical Division, Chemicd Corps, U S ‘\rmj', and tufts College Under the 
terms of this contract, the Chemic il Corjis neither restricts nor is responsible for 
the opinions or conclusions of the author 

-The author wishes to express his grititude to Mrs Nancy K Kennedj, and 
Miss Elizabeth A Weiant, who carried out most of the observations on anticliolm- 
csterasc action 
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abdominal ganglion (fig 1), which serves as a sensory and motor center 
for the terminal abdominal segments The major sensory supply to 
the ganglion consists of a pair of cereal nerves from each of the cerci 
The cereal nerves appear to be entirely sensory, and contain a large 



Fig 1 Diagram of the Terahnal Portion of the Cockroach Nerve Cord 
The lateral (L) and medial (M) cereal nerves enter the hemocoel from the base 
of the cerci, and pass to the sixth abdominal ganglion One giant fiber is shown 
ascending the ventral cord The neurone relations shown are approximate 

number of afferent fibers from sense cells located at the bases of fine 
hair sensilla which invest the cerci Pumphrey and Rawdon-Smith 
(9) have shown that the hair sensilla constitute a primitive auditory 
organ, or wind gauge, mechanically responding to air movements 
ranging from gentle air currents up to air-born vibrations in the audible 
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range On entering the sixth abdominal ganglion, fibers from the sense 
cells of the hair sensilla synapse with six to ten large fibers ranging 
from 10 to 50 microns in diameter These so-called giant fibers can 
readily be identified in sections of the abdominal cord, which the}" 
ascend without synaptic interruption On entering the thoracic 
ganglia the giant fibers form connections w ith motor centers concerned 
in the evasion reflex Physiological cxidence indicates that mam 
afferent fibers from the cereal nerves s} napse v ith each ascending giant, 
and that the majority of afferent fibers form onl\ homolatcral con- 
nections Information on anatomical relations within the ganglion is 
very meagre, though there are indications that the giant fibers ong- 
mate as multicellular neurones, and that the afferent fibers form a 
complex net-work around the fibers near their origin from four or fixe 
cell bodies in the cortex of the ganglion 

XlETHODS 

Impulse conduction through the ganglion is studied bj electrical 
stimulation of the cereal nerxes on one side "V monophasic square 
pulse of 300 microseconds duration is applied through fine tapered 
silx"er electrodes in contact xxith the nerxe as it emerges from the base 
of the cercus The post-synajitic response is recorded either from the 
anterior part of the ganglion, or from giant fibers in the homolateral 
connectix"e of the ncrx"e-cord Amphfjing equipment consists of two 
channels of Grass P3 capacity couple amplification The oscilloscope 
IS a double-gun 5SP11 tube installed in a modified 247 DulMont oscil- 
loscope (Bullock, 1) 

IMPULSE TR XNSMISSION THROUGH THE SIXTH XBDOXIIN XL GANGLION 

The nature of transmission through the ganglion is illustrated by 
figure 2 The upper trace in each record x\ as obtained from electrodes 
under the cereal nerx"c at its entrance into the ganglion, and the poten- 
tial change is due to the arrix'ing pre-synaptic volley The loxver trace 
xx'as obtained from the point xxdiere the nerx e-cord arises from the 
anterior end of the ganglion, and records the departure of the post- 
synaptic volley in the giant fibers The stimulus xvas applied to the 
cereal nerve at the base of the cercus at a frequency of 1 per second 
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All records in figure 2 were obtained from the same preparation and 
differ only in the strength of the stimulus applied 



Fig 2 Pre- and Post-Synaptic Responses in the Sixth 
Abdominal Ganglion of the Cockroach 
Approximate electrode positions are shown in J The upper trace in each record 
consists of the compound spike potential in cereal fibers entering the ganglion 
The lower trace records spike potentials in giant fibers leaving the ganglion The 
stimulus applied to the cereal nerve was progressively increased through the senes 
For full explanation, see text Stimulus frequency, 1/sec Time is given by 10 
kilocycle modulation of the beam intensity m E Every tenth cycle is marked by 
a vertical line 

A measure of the synaptic stimulus is the size of the pre-synaptic 
volley, which increases with the stimulus throughout the series Direct 
observation of the pre-synaptic volley on the oscilloscope shows that 



ANTICHOLINESTERASES AND ROAOI NERNTI 


591 


its growth IS practically stepless as the stimulus is increased, and it 
appears to be compounded of a considerable number of small spike 
potentials In figure 2a the pre-synaptic volley is considerable, though 
there is insufficient spatial summation to fire any of the post-synaptic 
giant fibers A slight increase in the presynaptic volley reaches the 
threshold of a single post-synaptic fiber (2b), and a single spike poten- 
tial appears abruptly in the lower trace Further increments in the 
pre-synaptic volley (c, d, e) cause a slight increase in the post-synaptic 
spike, due presumably to the addition of smaller spikes, though the 
most noticeable change is a shortening in the conduction time for the 
post-synaptic response which is in no way matched in the pre-synaptic 
volley This shortening of the trans-synaptic conduction time (utili- 
zation time) maj’- amount to as much as 0 8 millisecond A further 
increase in the size of the pre-synaptic volley (f, g) causes the appear- 
ance of two more post-synaptic spikes The fibers nhich contribute 
the latter appear to respond only at maximum utilization time, since a 
further increase in the pre-synaptic volley (h) causes them to approach 
and eventuall} to sum with the original spike The pre-synaptic x olle) 
at this point reaches the threshold of a fourth giant fiber 

Measurement of the synaptic delay is being attempted by two 
methods, analysis of potentials recorded from the surface of the gan- 
glion, and analysis of cord potentials initiated by direct stimulation of 
the ganglion Results are incomplete, but the minimum synaptic 
delay exclusive of the utilization time appears to occupy 1 1 milli- 
seconds 

CHEMICAL RESPONSES OE THE SIXTH ABDOMINAL GANGLION 

Provided that it is not exposed to prolonged periods of rapid stimu- 
lation, the ganglionic preparation described above is remarkably stable 
Many preparations have been stimulated intermittently for six to 
eight hours xvith little or no change in threshold The saline used to 
bathe the preparation and to apply the agents has the following compo- 
sition, NaCl 9 0 gm , CaCl; 0 2 gm , KCl 0 2 gm , H:0 1000 ml Ten 
ml isotonic phosphate buffer is added to buffer the saline to pH 7 2 
It has been shown that the cockroach nervous system will tolerate wide 
variations in calcium and potassium (10) 

Anhchohnesterascs The effects of physostigmine, diisopropyl 
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fluorophosphate, and hexaethyl tetraphosphate on synaptic trans- 
mission in the sixth abdominal ganglion have been described elsewhere 
(12, 13) The characteristic effect of these substances is to facilitate 



Fig 3 The Effect of DFP on Transmission Through 
THE Sixth Abdominal Ganglion 

A Normal ganglion, 17 stimuli (10/sec) given near middle of trace Stimulus 
artifact appears at the beginning of each sweep B Ganglion treated with 
5 X 10"® M DFP, 9 stimuli (3/sec ) begun on second sweep After a few normal 
responses, after-discharge begins and continues after stimulus is turned off (second 
from last sweep, Bl) It continues for some time (B2 and B3) and is followed by a 
block (C) 

synaptic transmission at low concentrations, blocking it at higher con- 
centrations Though the post-synaptic fibers normally respond with a 
single spike to each pre-synaptic volley, and are able to follow the 
latter up to frequencies of 400 per second, fifteen minutes after direct 
application of 5 X 10“® M DFP, a brief senes of afferent stimuli 
elicit a post-synaptic after-discharge which may last for 15 to 20 
seconds (figure 3b) The after-discharge may be followed by a brief 
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period of normal synaptic transmission, or more usually by a synaptic 
block (fig 3c) The block may last for one to live minutes, when a pre- 
synaptic volley may cause another after-discharge Synaptic conduc- 
tion remains in an extremely unstable state, and spontaneous or pre- 
synaptically induced after-discharges may alternate with block for 
several hours In no case was it possible to bring a DFP-treated 
preparation back to normal b}'- washing with saline, though periods of 
prolonged block could be broken in this waj’^, and the preparation 
brought back to the after-discharge condition Higher concentrations 
(up to 10“^ M ) of DFP caused little additional effect, though the 
periods of block appeared to become longer 

Hexaetltyl tetraphosphate and tetraethyl pyrophosphate have very 
similar actions, both being more potent than DFP V solution of 
3 X 10~“ HETP or TEPP will bring about the condition in which an 
afferent volley elicits an after-discharge, within 10 to 15 minutes 
Higher concentrations of these agents have a tendency to produce 
continuous synaptic block, while washing causes no return to normal, 
though the block may give place to the after-discharge condition 

Physostigmme in 5 X 10“^ M solution has a similar effect though 
the after-discharge produced is very brief, and the blocking tendency’’ 
is greater Prostigmine m a similar concentration causes only a 
synaptic block The effects of physostigmme and prostigmine can be 
removed by washing with saline 

The effects of these substances are summarized in table 1 Included 
in this table are data from Chadwick and Hill (2), who determined the 
percent cholinesterase inhibition in the roach cord in the presence of a 
series of concentrations of DFP, HETP, and phy’^sostigmine It will 
be seen that there is a striking correlation between the concentration of 
each agent capable of inhibiting 93 to 96 percent of the cord cholin- 
esterase, and the concentration just capable of producing the after- 
discharge The conclusion is inescapable that normal synaptic func- 
tion m this ganglion is dependent on the presence of a certain level of 
cholinesterase 

In contrast, transmission along giant fibers of the ventral cord is 
completely unaffected by these agents in the concentrations used above 
Since the giant fibers in the abdominal cord are umnterruped by syn- 
apses, it IS possible to study axomc transmission by stimulating the 
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cord 3 ust above the sixth abdominal ganglion, while giant fiber poten- 
tials are recorded from a higher level The a\onic effects of DFP and 
HETP were studied intensively, but no significant change in axonic 
conduction was noted until 3 X 10-® M HETP or 6 X 10“= M 
DFP were applied (table 1) At these concentrations there was an 
immediate conduction block which could be removed within a few 
minutes by washing with saline A similar effect was first described by 
CresciteUi, Koelle and Gilman (4) 

Since both DFP and HETP hydrolyse in aqueous solution to produce 
free acid, it was thought that hydrogen ions might be responsible for 

TABLE 1 

Summary of anlicholineslerase action on the roach nerve-cord 


negative log molar concentration causing 


AGENT 

Percent ChE j 

Inhibition 
(in parentheses) 
Alter Chadwick 
md Hill 

Synaptic 
after- 
discharge on 
afferent 
stimulus 

I Sjnaptic 
[ block 

1 

Axonic 

block 

HETP 

6 3 (94%) 

6 5 

1 

6 5-6 0 

2 5* 

TEPP 

n t 

6 5 

6 5-6 0 

n t 

DFP 

4 3 (93%) 

4 3 

3 0 

1 2 

Phj sosligmme 

4 3 (96%) 

4 3 

4 3-4 0 

3 0 

Prostigmine 

n t 

none 

4 3 

n t 


n t , not tested 

* No axone block produced when neutralized 


the axone block produced The preparation of concentration-pH 
curves for DFP and HETP in insect saline showed that at synaptically 
active concentrations (5 X 10"® M and 3 X 10"^ M respectively) 
there was insufficent free acid produced to alter the pH of the buffered 
saline At the concentrations producing axonic block (6 X 10"^ M 
and 3 X 10"® M respectively), both agents m insect saline had a pH 
of 2 0 to 2 3 Neutralization with isotonic Na2HP04 completely re- 
moved the axone-blocking ability of HETP without altering its action 
on synapses As a further check, saline was acidified by the addition 
of phosphoric acid and applied to axones When the solution had a 
pH of 2 0 to 2 5 an immediate and reversible axone block was produced, 
which appeared to be identical with that caused by unneutrahzed 
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HETP Thus, the axone-blocking ability of hexaethyl tetraphosphate, 
the most active anticholinesterase and synaptic agent studied, appears 
to be due only to acid produced on hydrolysis Neutralization of DFP 
in a similar manner failed to eliminate its abihty to block axones, and 
its mode of action on the latter remains obscure 
Acelylchohne Stabihty of synaptic conduction across the sixth 
abdoimnal ganglion of the cockroach is dependent on the amount of 
cholinesterase present The possibility that acetylcholine serves as 
synaptic mediator was investigated quite fully Acetylchohne chloride 
(LaRoche) and bromide (Merck), acetyl-beta-methylchohne, and 
carbaminoylchohne were apphed to the ganghon in concentrations up 
to 10“^ M , both alone, and preceded by physostigmine, DFP, and 
HETP When applied alone acetylcholine and related substances 
clearly had no action on transmission through the ganglion When 
apphed after treatment with an anticholinesterase, effects were veiy 
difficult to observe It was reported earlier (13) that acetylcholine 
would block conduction under these circumstances, though a prolonged 
series of tests (30 to 40) performed later makes this conclusion very 
doubtful All the antichohnesterases produce a condition of such 
s 3 Tiaptic instabihty that the mere application of a drop of salme to the 
ganglion has been observed to initiate an after-discharge and subse- 
quent block It seems likely that the earlier results were due to this 
effect, and it can safely be said that acetylcholme adds httle if anything 
to the change produced by the anticholmesterase Acetylcholme and 
related compounds were also applied to gangha previously treated with 
concentrations of anticholinesterases just insufficient to produce syn- 
aptic mstability No effect could be noted A sunilar lack of action 
of acetylcholme on Crustacean synapses has recently been reported by 
Shallek and Wiersma (14) 

Though acetylchohne appears to be without action on synaptic con- 
duction, it has been demonstrated repeatedly that the roach cord 
contains considerable quantities of acetylchohne (3, 6, 15) Determi- 
nations m this laboratory, usmg the frog rectus abdominis as assay 
object, gave an average figure of 32 gamma acetylchohne per gram of 
cord (wet weight) in the presence of 10“® physostigmme, and 38 
gamma per gram in the presence of 10~® HETP, figures which are in 
substantial agreement with earlier determmations Durmg the assays, 
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portions of the cord homogenates to be tested on the rectus were also 
applied to ganglia, but had no effect other than that which could be 
attributed to the anticholinesterase present 
Atroptne, Scopolamine, and Curare In vertebrates, these drugs are 
thought to block either the muscarinic or nicotinic effects of acetyl- 
choline by rendering post-synaptic elements insensitive to the action of 
the mediator All of them are notably inactive on insects, and failed 
to affect transmission through the sixth abdominal ganglion They 
were applied m concentrations up to at which point atropine 
appeared to block transmission in one or two cases Lower concentra- 
tions (10"®) were without effect either on normal ganglia, or on those 
which had been treated previously with anticholinesterases The 
complete lack of action of curare was clearly demonstrated in an experi- 
ment in which a 10"’' solution of curare completely blocked the response 
to 10~® acetylcholine in a frog rectus abdominis muscle previously 
sensitized with anticholinesterase A solution of 10"® curare from the 
same sample was completely without effect when applied to a ganglion 
showing after-discharges resulting from the same concentration of 
anticholinesterase 


DISCUSSION 

/ 

These observations may be briefly summarized 

1 The effect of DFP, HETP, and physostigmine synaptic trans- 
mission m the sixth abdominal ganglion is closely correlated with their 
antiesterasic activity 

2 This correlation does not receive an explanation from studies on 
the action of acetylcholine and related substances which appear to be 
without synaptic action 

3 The lack of action of acetylcholine is correlated with the lack of 
action of acetylcholine-blockmg substances, such as atropine, scopola- 
mine, and curare 

4 The action of anticholinesterases on axonic transmission m the 
insect ventral nerve cord appears to be unrelated to antiesterasic 
activity The most powerful anticholinesterase, HETP, failed to 
block axones when neutralized, though this did not affect its synaptic 

action p 

The alternating synaptic facihtation and block produced by Hi'i;' 
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and HETP suggests that chohnesterase is intimately concerned with 
regulation of the effect produced by the pre-synaptic volley There is 
no indication that conduction in pre-synaptic fibers is affected, though 
the volley arriving at the ganglion may actually become smaller owmg 
to a slight rise in threshold m the sensory fibers produced by DFP In 
spite of this, the synaptic effect produced by the arrival of a pre- 
synaptic volley after partial inhibition of chohnesterase may last for 
several seconds, whereas it normally lasts for less than 2 0 milliseconds 
Following almost complete inhibition of the enzyme, the effect of an 
arriving pre-synaptic volley may last indefinitely, and a prolonged 
synaptic block is established At threshold concentrations of the 
enzyme inhibitor, it can be shown that destruction of chohnesterase 
alone is not responsible for synaptic block, but that the arrival of a 
pre-synaptic volley is necessary It is possible, though difficult, to 
prevent a DFP-treated ganglion from blocking for some time This 
can be done only by reducing the possibility of aU forms of stimulation 
to zero, and the ganghon must be deafferentiated If this is not done 
synaptic instability reaches the point where the slamming of a distant 
door, or a slight movement near the preparation is sufficient to stimu- 
late a few hair sensiUa and initiate after-discharge and block At 
higher concentrations of DFP, after-discharges appear to arise spon- 
taneously, though they can still be precipitated by a brief pre-synaptic 
volley 

All these observations point to the persistence of a synaptic mediator 
substance m the absence of chohnesterase, and the picture is very 
similar to that described by Marrazzi and Jarvik (5) m mammalian 
autonomic ganglia At this pomt the similanty ends, since acetyl- 
choline and acetylcholme-blockmg drugs appear to be without action 
Only two explanations can be seen at the moment Either acetyl- 
cholme, acetyl-beta-methycholme, carbmoylcholme, curare, atropine 
and scopolamine are unable to penetrate to synapses within the 
ganglion, while DFP, HETP, TEPP, physostigmme, and prostigmme 
are manifestly able to do so, or the synaptic transmitter m this ganglion 
IS not acetylcholine There appears to be httle evidence to justify the 
first explanation, which has also been proposed by Nachmansohn and 
Rothenberg (7) to account for the differential effects of DFP on axones 
and synapses The difference between the group of compounds which 
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are S5maptically effective and the group which is not is rather one of 
physiological action than of chemical structure If differential pene- 
tration IS the answer, evidence will be difficult to obtain, since the 
amount of a compound accumulating in the interior of an axone seems 
to provide little information about the amounts which reach the active 
surface of the axone, which is thought to play the primary part in 
conduction The second explanation is equally lacking for evidence, 
though the important role of chohnesterase m synaptic conduction 
suggests that the transmitter may be chemically related to acetyl- 
choline 

Though it has been demonstrated that cholinesterase plays an im- 
portant part in synaptic conduction, there is no evidence that this is 
the case with axonic conduction in the ventral nerve-cord The most 
effective anticholinesterase, HETP, blocks axones only bfecause of the 
free acid produced on hydrolysis Though DFP in 6 X lO'® M solu- 
tion continues to block axones after neutralization, it is interesting to 
note that 5 X 10^^ potassium chloride also blocks axonic conduction 
in the nerve-cord, but unlike the anticholinesterases, it exhibits no 
preferential action on synaptic conduction (10) A somewhat lower 
concentration of hydrogen ions (pH 2 0 to 2 3) causes a sunilar axonic 
block It seems likely that many substances will block axones in this 
concentration, and this effect must be regarded as non-specffic and 
possibly physical until it is demonstrated to be otherwise 

SUMMARY 

1 The characteristics of transmission across synapses in the sixth 
abdominal ganglion of the cockroach are discussed, and it is recom- 
mended as an excellent preparation for the study of synaptic events 

2 It IS shown that di-isopropyl fluorophosphate, hexaethyl tetra- 
phosphate, tetraethyl pyrophosphate, physostigmine, and prostigmine 
produce various degrees of synaptic facilitation (after-discharge) and 
synaptic block The threshold potency of these agents in affecting 
synaptic transmission is closely correlated with their antichohnesterase 

activity 

3 Acetylcholine, acetyl-beta-methylchohne, and carbinoylcholme 
appear to have no synaptic action Likewise, acetylchohne-blocking 
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substances such as atropine, scopolamine, and curare are without effect 
on synaptic conduction in the cockroach 

4 The action of anticholinesterases on conduction along axones in 
the ventral nerve-cord appears to be unrelated to then anticholin- 
esterase properties Conduction block in axones is obtained only with 
high concentrations of the agents, and the most effective anticholm- 
esterase, HETP, fails to block axones when neutralized, though this 
treatment does not affect its synaptic action. 

5 It IS concluded that cholinesterase is of primary importance in 
conduction across insect synapses, and that the synaptic change which 
follows destruction of the enz3nne suggests persistence of a synaptic 
mediator substance There is no evidence that the synaptic mediator 
IS acetylcholine 
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DISCUSSION 

A McGEHEE HARVEY 

(Department of Medicine, The Johns Hopkins Hospital) 

In a mammalian nerve muscle preparation, eserine, neostigmine and 
DFP have several characteristic actions The muscle action potential 
under these circumstances is converted into a short asynchronous salvo 
indicating a repetitive response of the muscle fibers to a single nerve 
stimulus Furthermore, the excitation of eserinized muscle by a tram 
of motor nerve voUies, at a frequency greater than 6 per minute, results 
in a progressive depression of the twitch tension Stimuli applied to 
the motor nerve at a rate of 50 per second cause a brief contraction, 
followed by relaxation of the muscle That a depression of neuro- 
muscular conduction results from the accumulation of a paralyzing con- 
centration of acetylcholine is suggested by the observation that the 
enhanced responses of eserinized skeletal muscles to low frequency 
single nerve volhes are abruptly depressed by the concurrent intra- 
arterial injection of a minute amount of acetylcholine All of these 
phenomena can be reproduced in the human subject by injecting the 
anticholinesterase into the brachial artery and studying the function of 
the muscle abductor digiti quinti in response to stimulation of the ulnar 
nerve It will be noted that the voltage of the muscle action potential 
in response to a maximal motor nerve volley is not altered by the 
presence of an antichohnesterase, just as the postsynaptic potential 



DISCUSSION 


601 


described by Dr Roeder is not altered under these circumstances 
How far the analogy between tlie repetitive discharge of the muscle, in 
response to stimulation, and the bloclung effect following activity can 
be compared to the phenomena which Dr Roeder has demonstrated 
m the nervous system of the cockroach one can not say, but the general 
pattern seems somewhat similar The greatest difficulty is afforded by 
the fact that, in contrast to the neuromuscular system, the post- 
ganglionic fibers of this cockroach preparation do not seem to be sen- 
sitive to stimulation by applied acetylcholine 
It seemed of interest in relation to these experiments of Dr Roeder’s 
to review briefly the effects of di-isopropylfluorophosphate on the 
central nervous system in man The daily intra-muscular injection of 
this substance in normal subjects, who are not receiving any other 
medication, usually results in the development of symptoms referable 
to the central nervous system including excessive dreaming, insomnia, 
restlessness, increased tension, emotional lability, subjective tremulous- 
ness, nightmares, headache, increased hbido, giddiness, drowsiness, 
paraesthesia, mental confusion, visual hallucinations, and occasionally 
pains in the legs of sciatic distribution It is of interest that these 
symptoms are not significantly affected by the administration of 
neostigmme, but are diminished to some degree by atropine Electro- 
encephalograms taken during the period in which these symptoms are 
present show an increase in the potential size and in the frequency and 
irregularity of the rhythm In many instances there is the appearance 
of abnormal waves similar to those seen in patients with grand mal 
epilepsy These electro-encephalographic changes are promptly re- 
versed by atropine and are not affected by neostigimne or curare All 
that one can say is that in these experiments central nervous system 
effects have been produced by DFP, which to date is shown to have no 
other important action than its ability to destroy chohnesterase The 
production of these central nervous system effects by a compound 
which has been shown to inhibit chohnesterase within the brain sug- 
gests that the acetylcholine cycle does play a positive but as yet un- 
defined role m central neural function The point which I wish to 
emphasize here is that in the human subject one is able to study the 
effects of this drug without the introduction of conflictmg factors, and 
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in the normal human subject one is able to record the subjective alter- 
ations in normal nervous system function as well 

I think it is also worth pointing out very briefly that certain addi- 
tional technics are available by which the chnical neurophysiologist 
may be able to obtain more detailed knowledge of central nervous 
system function and to study in a more precise fashion the effects of 
various diseases and chemical agents on this function Piper, in his 
monograph on Electrophysiology of Human Muscle, was the first to 
suggest that conduction velocity in a peripheral nerve may be measured 
by stimulating the nerve at two different sites, measuring the latencies 
of the muscular responses evoked by each shock, and dividing the 
latency difference by the distance between the points of stimulation 
The following illustration is taken from his monograph pubhshed in 
1914 

Even with the relatively primitive electrophysiological technics 
available during the early part of this century, chnical physiologists 
became interested in their applications to the study of spinal cord reflex 
activity in human subjects Hoffman was the first to demonstrate the 
feasibihty of studies of this type He first devised a method for record- 
ing the impact of a blow on the patellar tendon and in the same record 
the electromyogram from the quadratus muscle He realized that the 
measurements were comphcated by the characteristics of the sensoiy 
end organ, and going a step further found that by electrical stimulation 
of the mixed nerve he was able to excite a reflex response which could 
be recorded electrically It is possible using this technic to stimulate 
with a current of just sufficient strength to excite only one motor unit 
in the muscle from which one is recording and also to set up a reflex 
response involving this same motor umt 

Dr George Dawson found in studying a patient suffering from myo- 
clonic seizures that electrical stimulation of a peripheral nerve produced 
an electrical potential detectable on the scalp These changes in 
potential were detected over the heimsphere on the side opposite to 
that stimulated They were located near to the midhne when the 
lateral popliteal nerve m the leg was stimulated and more laterally 
when the ulnar nerve was stimulated in the arm Extending these 
studies to healthy subjects, Dawson has been able to demonstrate that 
potential changes of cerebral origin, which probably arise in the central 
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and post-central cortex, may also be detected on the scalp following 
electrical stimulation of peripheral nerves In the record shown m this 
shde taken from Dawson’s paper which appeared recently, one can see 
the responses to stimulation of the left and right median nerves at the 
elbow and the left lateral popliteal nerve at the head of the fibula The 
electrodes were applied over the surface markings of the sensory-motor 
area in the midhne and 6 and 12 cm from it on either side A stimulus 
to the left median nerve in A produced a potential change maximal near 
the electrode on the right side common to leads one and two, six cm 
from the midlme A stimulus to the right median nerve B produced a 
similar disturbance on the left side of the head Stimulation of the 
left lateral popliteal nerve gave nse to a potential change nearer to the 
midline electrode than to any of the others The latency of the re- 
sponse to stimulation in the leg was 36 plus or minus 2 m sec , about 14 
m sec longer than when the median was stimulated 

One can see that, although the methods are stiU relatively crude and 
the potential contributions of the clmical neurophysiologist are stiU in 
the developmental phase, it is becoming possible to gather more and 
more reliable facts The unique physiological experiments created by 
naturally occurrmg disease, combmed with a study of the effects of 
various chemical agents on nervous system function in human beings, 
may uncover many stimulating leads These may serve as a com- 
plement to the interesting and valuable studies which Dr Boeder has 
presented this afternoon There are a few questions of a general 
nature which I would like to ask Dr Boeder 

1 Has any other pattern of stimulation been employed in these 
expenments? 

2 Whether there are any threshold changes demonstrable foUowmg 
the apphcation of acetylcholme, usmg pres 3 maptic vohies just 
insufficient to stimulate any postsynaptic fibers? 

3 What happens when the presynaptic nerves are cut and allowed 
to degenerate as far as the effect of DFP and acetylcholme apph- 
cation are concerned? 
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